US009170300B2

a2 United States Patent

Whetsel

US 9,170,300 B2
Oct. 27, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(62)

(60)

(1)

(52)

LINKING CIRCUITRY SELECTIVELY
COUPLING TDI/TDO WITH FIRST AND
SECOND DOMAINS

Applicant: Texas Instruments Incorporated,
Dallas, TX (US)

Inventor: Lee D. Whetsel, Parker, TX (US)

Assignee: TEXAS INSTRUMENTS
INCORPORATED, Dallas, TX (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

Appl. No.: 14/514,911

Filed: Oct. 15, 2014

Prior Publication Data
US 2015/0033088 Al Jan. 29, 2015

Related U.S. Application Data

Division of application No. 13/642,497, filed on May
2, 2012, now Pat. No. 8,892,970, which is a division of
application No. 13/091,721, filed on Apr. 21, 2011,
now Pat. No. 8,195,994, which is a division of
application No. 12/952,734, filed on Nov. 23, 2010,
now Pat. No. 7,954,027, which is a division of
application No. 12/560,697, filed on Sep. 16, 2009,
now Pat. No. 7,865,791, which is a division of
application No. 11/938,923, filed on Nov. 13, 2007,
now Pat. No. 7,617,430, which is a division of
application No. 11/292,643, filed on Dec. 2, 2005, now
Pat. No. 7,308,629.

Provisional application No. 60/633,931, filed on Dec.
7,2004.

Int. Cl1.

GOIR 3173177 (2006.01)

GOIR 31317 (2006.01)

GOIR 3173183 (2006.01)

GOIR 3173185 (2006.01)

GO6F 11267 (2006.01)

U.S. CL

CPC ... GOIR 31/3177 (2013.01); GOIR 31/31712

(2013.01); GOIR 31/31722 (2013.01); GOIR

31/318364 (2013.01); GOIR 31/318555
(2013.01); GOIR 31/318558 (2013.01); GO6F
11267 (2013.01); GOIR 31/3172 (2013.01)
(58) Field of Classification Search

CPC ..ccovvvern GO1R 31/3177, GOIR 31/318555;
GO1R 31/318558; GOIR 31/31722; GO1R
31/318364; GOIR 31/31712; GO1R 31/3172
USPC 714/726, 727,729

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

6,163,864 A * 12/2000 Bhavsaretal. ......... 714/727
6,408,413 B1* 6/2002 Whetsel .......... . 7147727
7,322,000 B2* 12008 Colunga et al. . . 7147727
7,380,186 B2* 5/2008 Schuttertetal. ... . 7147727
7,409,612 B2* 82008 Van De Logtetal. . 7147727
7,546,503 B2* 6/2009 Whetsel ...... . 714/727
7,653,849 B1* 12010 Tabatabaei .................... 714/726
OTHER PUBLICATIONS

Mukherjee, D.; Pedram, M.; Breuer, M.;, “Control strategies for
chip-based DFT/BIST hardware,” Test Conference, 1994. Proceed-
ings., International, vol., No., pp. 893-902, Oct. 2-6, 1994 doi:
10.1109/TEST. 1994.528037 .*

* cited by examiner

Primary Examiner — Cynthia Britt
(74) Attorney, Agent, or Firm —Lawrence J. Bassuk;
Charles A. Brill; Frank D. Cimino

(57) ABSTRACT

This disclosure describes a reduced pin bus that can be used
on integrated circuits or embedded cores within integrated
circuits. The bus may be used for serial access to circuits
where the availability of pins on ICs or terminals on cores is
limited. The bus may be used for a variety of serial commu-
nication operations such as, but not limited to, serial commu-
nication related test, emulation, debug, and/or trace opera-
tions of an IC or core design. Other aspects of the disclosure
include the use of reduced pin buses for emulation, debug,
and trace operations and for functional operations.

3 Claims, 26 Drawing Sheets

514~

ADDRESSABLE TAP DOMAIN - o
SELECTION CIRCUIT —ADDRESS CIRCUIT
2 81 BSTRUCTION
A\ INSTRUCTION CIRCUIT MUT‘
woor | o o

RiRED

ik 832-834

520 816 812 | 820
5 ;

-836] 838 132

TP 014
LNKING

GIREUT 40

TS 1-4 e
n2 DOMAINS

TMS/RCK +——

LI

ROK1-4

518 oF2

842 850 43¢ 308

TEK.

I
828
s {Ic

AC

msn
836

i

[ N EE

RESET. ADDRESS CONTROLLEHS
y e W

FUNCTIC RESET/PDWER UP CLEAR



U.S. Patent Oct. 27, 2015 Sheet 1 of 26 US 9,170,300 B2

N 100
FIG. § (PRIOR ART) /

103
@\ e
T T -
”\? 7 runcTionaL | (103
] 106 Fettmdodl  CIROUT el
e 102
e e o e )l
s b il DK
| 104 L7 IS
E \ 114~ 108 !
i ' i 126
E NATAREGISTERS  p—s ENASLE
08 ! % L
E / : A S
N s e MX D 0 k—
32~ . —l— 128
! - T0i ofd] INSTRUCTION REGISTER > - Ry
i ! ? N
b o424 i My MockDR
P34~ s . ) 122 ClockDR
j - TAP 4 :'}O OR ClockiR
§ F_JK'TCKE ad i
; 136 E 4
i S "
R L s
{ le"TDG;"‘
LT

FIG. 2 (PRIOR ART)

TAP DOMAINS
CHIP TAP CORETAP CORE TAP CORE TAF
DOMAIN 1 DOMAIN 2 DOMAIN G DOMAIN 4
104 104 104 104
r Y TR
% / \ \
202 204 206 208
108~ o8- 1084 8d N
3
240" TAP DOMAIN SELECTION CIRCUIT 201
= y & & 8
2127 214 No1s o218 D220 N

DI TCK TMS YRST 00 200



U.S. Patent Oct. 27, 2015 Sheet 2 of 26 US 9,170,300 B2
300
FIG. 3 (PRIOR 4RT) /
103
4&\ e
P T T T T S
| e ronciona | |108
| g 100 feeltel  CIRCUIT  fetgedoin
i 08 .
J— P
mmmmmmmmmmmmm R 307
.~ RS T B
] I §
E 302 Y $ 114
g MR L :
E ¥ ¥ 126
ATA REQICTERS -~
. DATA REGISTERS |+ AR E
Ny g 118 L
- i____,__,} 1456 / MY D O Lv‘“i:\
P25 g Lo INSTRUCTION REGISTER |- N 211328
i i ? \
§ -}34N\‘TMS§ . 122 OiockDR
g ; !.f‘SG/-Ai TAP R ClockiR
| 135_,,,-?0;% D’\@ - 120
" " 'T &
g OOSA\RCK;: 308 5 K
‘ IS Y5 A E———— PUC 306
§ 1387 ; 130
§ J,’TDO e
w40
TAP DOMAINS
CHIPTAP | | CORETAP | | CORETAP | | CORETAP (})g{%‘ﬁﬁ m
DOMAINT | | DOMANZ | | DOMAING | | DOMAIN 4 ' o
302 202 302 302
&
T F¥ SN ¥
4472 404 406 408
S T T T e
410~ TAP DOMAIN SELECTION CRCUIT 401 4u0
& & & Y
4127 4147 4221 S-416 418 §420
THI TOK  RCK  TMS  TRST DO



U.S. Patent Oct. 27, 2015 Sheet 3 of 26 US 9,170,300 B2
TAP DOMAINS
FIG. 5 CHIPTAP | | CORETAP | | CORETAP | | CORETAP
DOMAINT | | DOMANZ | | DOMAING | | DOMAIN 4
510 o1 210 918
/ / NN
502 504 H06 508
512~ 512, 512+, 5129 N
500~ @ é % o
514~ ADDRESSABLE TAP DOMAIN SELECTION CIRCUIT
& f-3 8
5167 17\‘518 ¥ 520
TCK TMS/RCK  TDITDC
N 132
602 Wil ]
% a0 FIG. 6
520~ N0 14
AL ADDRESSABLE | ey
TAPDOMAIN | TMS1-4 0 TAP
. E | SELECTION 308 | DOMAING
518~ TMG/RCK CIRCUIT _ ROK1-4 7 .
) 136 | 22
E 514 . -
CTCK K
516 138
TRST 7

SECOND PROTOCOL

706‘\; ADDRESS AND | FIG. 74
*| INSTRUCTION |
SECOND PROTOCOL INPUT STATE SECOND PROTOCOL
FIRST PROTOCOL FIRST PROTOCOL
A 3
HARD L-702 704~J750FT Lew
FIRST PHOTOCGLE RESET fe—rrmee o RESET JFERST PROTOGOL
SIAEL proTocoL | THiRD STAl
- PROTOCOL
FIRST PROTOCOL ' FIRST PROTOCOL
TAP DOMAIN
| ACCESS STATE
708~

THIRD PROTOCOL



US 9,170,300 B2

Sheet 4 of 26

Oct. 27, 2015

U.S. Patent

M:::::::,aaa:sssssss;‘(fﬁs;;:
romm e e B @\ﬁ
€ L | B ? \
{13534 auve] 11 (iGN NOILONYLSNEONY $53400v! |1 [13S3y 1408] | *H 30N3ND35 10301044
HL DiA m bl P ; ¥l
{ id 14 i /
bol3s3d 1408) |} Lindne NOLLONYLSNI ONY SS3¥aav] | | 113534 140S] | °9 3ONANDS 100010k
| P i ; ¢l
m ) p j /
E.fﬁ 113534 140S] M M [LNdNI NOILONHLSNI ONY SSTHAQY] M M (13534 auvH] M.”m A0NINGIS 10001044
i HI i i e/
| P i i J
i T L 1 } i
| {13534 QuvHl 11 [INdNI NOLLONULSNI GNV SS38aav] 1 1 113538 QuvHi 173 JON3NDIS 1030104d
S B S —
1000104d 1SHH 1000L0¥d ONOG T000L0Hd 1S4
[
ﬁsisisissrisissiim o o oo oo mey o e oo e oo o g o o oo oo oo oo non non onn oo oo oo o o aieessienaians IENE telantiansiee e e
b13534 QuvHl 1 F [SS3D0V NIVINOO dvL] |1 TINdNI NOLLOMYLSNI ONv SS3daay] |1 113534 1908] 10 moz%gw/m 1000404
| i i P m u
! Pk ! M i i gid
b 13539 14081 | | [ss300v Nivwoa avd | ] Lndg NOILONYLSNI Oy SS3daay] | | [asad oS! |0 muz%ﬁm 10001044
i i [ P ! \
m i1 il P i 914
V i . ] . .
| 113534 1408] § 4 [SSI00V NIVINGO d¥Ll | | LLNdNI NOLLONHLSNI ONY SS34aav] ¢ ¢ L3534 Guvkl | '8 3ONINDS 1000L04d
i LI i i i
i P 1 i i w,wm.
1 L L L 8l LI
I [1353d advHl 1 1 [SS300V NIVINOG VL] 1 1 [LAANI NOILONYLSNI ONY SS38a0v] 1 1 [13S34 QuvHl 1V JININ0IS T000104d
. . U S I - N
1000108d 1S4l 100010Hd QHIHL 1000104d ANGD3S 1030104d 154 chl




US 9,170,300 B2

HYATD 40 HIMOL/LESTY NOLLONNS

Sheet 5 of 26

Oct. 27, 2015

U.S. Patent

BN
_ 915
@mmwle A - \
SHITIOHLNGD NOILONYLSNI ONY S3340aY 13STY e ¥01
% -3
mmw TIEvN3] Wy WH] ovl D1 sl
H (1541 — 978
oL A a.....vi... / y08
9¢t m\m b 630 \ aLe
80¢ g8  o¥ N _
\ _, 9%8  gvg | ‘.
-1 304 ST w MOH/SINL
9¢8
G
cds e
SMIVINOG |y =T b —
gvi | FUSAL ae N !
- AL
0% 1 L340 /
N EINDINGT H0
oy " dvl , >
-1 00l SO oa.w\mﬁ
%y
el 98971958~ C-peg 288
e .
phial h 0v8 ! w o O unowo o
- o - - m. v
¥ i _ L NOWD NOILONHLSN | Y
NOILONHLSNI | T cls
" LN0HI NOWO3TIS A
s Ia W alodn - .
508" LI SS5304v NIVWOQ 4Y1 319YSSIHAaY ris




U.S. Patent Oct. 27, 2015 Sheet 6 of 26 US 9,170,300 B2

LOCAL AND GLOBAL ADDRESS | 908 808
Y oy
FZG., 9 ¥ ¥ ¥ e ¥ ¥ ¥
904~_ e .
COMPARE CIRCUIT > ADDRESS MATCH
& 2 & . o s 3 8 8 \
838
FROM TDI > ADDRESS REGISTER ]
" *~802
824
\-534
A-CLOCK
INSTRUCTION QUTPUT
-840
.~ 1006
810 - UPDATE REGISTER «
\‘h & & & . e & & A FZGQ j{}
1004~ DECODE
& -y - & F-Y 8
FROM TDI »  INSTRUCTION REGISTER 5
/ ¥ 1002
824 ~
832" 837 836
-UPDATE -CLOCK HARD RESET (HR)
FIRST RESET, ADDRESS AND
51\8 PROTOCOL  INSTRUCTION CONTROLLERS 8314
N s
TOK e HARD AND SOFT a—— FUNCTION RESET/POWER UP CLEAR
! 3 (a3 T N o ? o
TS ‘\}1 ; RESET CONTROLLERS & HARD R'ESET (HR)
/ 1202- g N
830 1904 1306 “SQFT RESET 836
£ ] ADDRESS AND
' INSTRUCTION S p
S CONTROLLER FIG. 12
2
SECOND ~838
PROTOCOL 842-1834-1832~

¥ ¥ ¥

AM  ENABLE AC IC




U.S. Patent Oct. 27, 2015 Sheet 7 of 26 US 9,170,300 B2

—= 102 1 4102

- THIEZ

— T4

FIG. 11
522
T e / 1104

T O |
%

T TR ) n”f
ToH oA T ] 510 | 001,

wsi Tt LRCk 820

[e]
~ N2
Lo

) {
002, | |- TD0

o DOMAIN2 F—
ms2 bbb

i

TDISEL— ™ Tpiz
Y L »{ DOMAIN 3 |
3

840 TMSA T T

003,

b TOOSEL

:

840

1102~ 1DH4

!
|
!
;
B = DOMAIN4 | i
- 3 & ~
gp D TMS4 ROK4__ ||
\ tt
i
s
L

d

TRIS

|
H
!
!
!
!
i
!
|
| | TDo4
, .
!
z
l
i
) L
TMSSEL -

640
/

RCKSEL
e ROK

TMSSELZ

840+

N
826

TMSSELS

TMSSEL4 1
136 a\f}\xjjjz

TEK .
HR (TRST) v %}2
H
835 o TAP L o
P > taacker | OF
1114

ANRENENE'

UL

1106




US 9,170,300 B2

Sheet 8 of 26

Oct. 27, 2015

U.S. Patent

&1
g T TR R T M T T N 40 W TN W M om0 mm e 3
H i i
; \ % N g 1453 1408 §
i " 1 _
m ) P 13574 OuvH :
e 2 3 o ood %
d A oo ooet oone. post A1)
b d S LSl EMEEM M f A S
§ %
Eﬁam“ m w A3L i m m M %L
§ § ® §
X ; oy _ -
greL-” L. \SHSIEONINDIS IS 1408 . \SBH)I0NINDIS 13538 OVH | -9z8L
PO LS
mmmwfr wa iiiii iamuii ! maiaww..ii iiuii !
- ; ; ; i
mgmw ™S4 S M REER S 1 BIEL ) BIEL
i3s3 Laos ([ - 7 w ) ) Lloﬁf o
y b J b e e e e e e e JozeL mem
peet Sl
M.a iiiii [ R S R S
o H § I fo 1
s § 3! s 4 | o Oet @\E
. : - N a0 o ‘ 3 ; 3
1353 mrx Ly Ly L g o] oL w
ot Emwa\&r sssssss e o b __™zier 908 wm
2084 YYTTD dn HIMOd
ARl /L3534 NOLLONA




U.S. Patent Oct. 27, 2015 Sheet 9 of 26 US 9,170,300 B2
SOFT RESET=0 % FIG. 14
555
1402 HOME TS =1
TMS=0
$
y 001
1404~ INPUT ADDRESS TTITMS =0
143 TMS =1
k-
110 1S AM =) 010
o ODLE eASAM=O0 Y nneras MATOH TS = 1
1406~
TMS:AM=0:1
TGN — ¥
iqog]  IWPUTINSTRUCTION  [“1TMS=0
TMS = 1
¥
T |
410~ UPDATEWSTRUCTION  [“JTMS=1
THIS =0
¥
o
ENABLE T TS =X
14127
Fiz. 154
1504 ; q
INPUT y 1/5312 8;4
E16 ADDRESS STATE | MJ" -
\ N -
N1 1404 1514 832
o ADDRESS NSTRU?;S; STATE I < (
830 AND E : _ B -OLOCK
\ INSTRUCTION 12@8 - )
838 i WROHRE UPDATE | T
thTRULTSN STATE | ““M}—»MJP@ -
ADDRESS 1502 1410 . S N
MATCH 1 1516 832
ENABLE STATE X
1206 3 ENABLE
, ? 1412 ; 1510 \
SOFT RESET 84z




U.S. Patent Oct. 27, 2015 Sheet 10 of 26 US 9,170,300 B2

1352\
Ao A > A
NEXT
Bul sTaTE T
830 C_, | DECODE
Y LOGIC B =B
1T —
‘ 1518 T
ADDR}ESS TN E—
/ e >
: 516 et -
E N ;
TCK E
SOFT RESET -
12086 1320
A~ - FIG. (5K
;) mc} INPLUT ADDRESS STATE
C...........
A
Bm} INPLIT INSTRLCTION STATE
c
A...........
B _......C} UPDATE INSTRUCTION STATE
C N
A...........
m@,} ENABLE STATE
C.._........
INPUT ADDRESS STATE: ABC = 001
INPUT INSTRUCTION STATE:  ABC = 011
152271 UPDATE INSTRUCTION STATE: ABC = 100
ENABLE STATE: ABC = 101




U.S. Patent Oct. 27, 2015 Sheet 11 of 26 US 9,170,300 B2

Fi;. 16
o e e o o T o o o 1
RESET, RUN TEST .
; 5 ] i ! T ~ i \C ? o~ E
; OR IDLE STATES o DATA OR INSTRUCTION SCAN SELECT STATES !
H § § i
P TESTLOGIC P !
! !MSEF RESET = ;
H i H f
H ‘L 1 H i 1 4 f
; [ RurTestADLE ; : ; SELECT-DR = SELECT-IR g
; 0 i Py 0 0 |
e e e A I B T by L g
e Mot R T o o o o mmpmm omm omm o e -3
i DATA 11 INGTRUCTION ¥
g REGISTER g g REGISTER g
5 SCAN 4y SCAN
| PROTOCOL ¥ ¥ PROTOCOL &
| STATES 11 STATES
| ! i $ i
| 1 I 1 i
I CAPTURE-DR it — CAPTURF-R ;
i i f
] 0 i O i
! ¥ i ! ;
§ i i
; o SHIFT-DR 1 1y w SHIFTWIR 17 4
§ 0 [ ] 0 f
i 1 i i i
H ¥ ’ ii : 1 i
bl bed EXITI-DR Ph e TR ;
H H §
j 0 £ 1 0 i
§ A I ¥ §
g PAUSE-DE 7] ;; PALUSE-R ] ;
1 1
H H i
i 0 k4 i q ¥ i
g L OEXITZ-OR ; ; EXIT2-1R g
§ §i §
i ; i ‘,1 ;
H {4 i
; UPDATE-DR te { UPDATE-IR fe ;
H HI i
: 1 40 { 110 ;
S et e [ v e e [ I S, NN S — .




US 9,170,300 B2

Sheet 12 of 26

Oct. 27, 2015

U.S. Patent

OaiAaL
ADH/SIL

#OL

N EFOEYLE-ENS

&

E

p
zeay 3 U6t

OULAGE
HIH/SINE
oL

¢ L3DUYE-ENS

&

&

oalaal
AGH/SINL
Aol

L 140dvi-dns

A
¥

4
L

X

8Lt

Q40
AOU/SWL

#3k

OOAGE
ATH/SINE

&

&

AL pey

N L3UHYL-ENS

gLil o J

I

&

OCAaL
HOH/SNE

&

AL pory

¢ IHHYLI-E0S

&

QG104

¥

SNESINL
AL e

&

L 30dYL-Ens

A VA

GaiaL

AJHSINE

A3

$

e

¢
AR

L1 DA

s
pu——

e

-

-3

OOINGL

ATH/SNL
AJL e
N 139dvE

4

904 o

7 0l

4

0aial

AJHSHL
3L oo
£ 139uvl

£

DAL

oy

0

.

%Y

0041

A

-

8041
Z

0alA0L

&

¥

¥

ADE/SL e
WL e

¥

ADY/SIHL
#31

BE TR NP

OQIAQYL =-e] o
ADH/SINL =

AT
ER

HATHOHINGD




U.S. Patent

Oct. 27, 2015 Sheet 13 of 26 US 9,170,300 B2
FiG. 174
STACKED DIE TARGET 1
& 2 & /
I P A 1///7‘
1708 P W v
\ ! ¥ %
AP N Loy llmabl 3
TOK fte X
TMS/RCK fo—se 1732
TRITD0 o
7 STACKED DIE TARG Ta
o
;
s
&

e TCK
s TMS/RCK
s TDI/TDO

“\N\\\\

a4

,/

mnds
o~
&3
N

1738
STACKED DIE TARGET N




U.S. Patent Oct. 27, 2015 Sheet 14 of 26 US 9,170,300 B2

FiG. I8
LOCAL ADDRESS 1802
1810 y
TARGET 1
TRST w TRGT
TCK w4 TOK
ThisT w TRAS
TOH = T
1?98 TOOT b ™o
- ROKT pe— - - < RCK
CONTROLLER ]
TCK e o TCK
TMS/RCK fasel  foa—sed TMS/RCK TARGET 2
TOUTOD fe—sel  femsed TO/TRO el TRST
e N = TCK
i ThMS2 o TS
x/ iz s T
/7 TD0Z = ™Ho
REKZ fem b b 4 RCK
e TOK A
s TMS/HCK 1804 = 1808
i e TDI/TDO o
1808 TARGET N
et TRST
» TOK
TSN » TRMS
TN » TD
TOON p= N0
ROKN pe~ ———RCK

1800



U.S. Patent Oct. 27, 2015 Sheet 15 of 26 US 9,170,300 B2

FI(G; 19
LOCAL ADDRESS 1802
N1810 prmmteny
b TARGET |
i i
TRST - TRST |
TCK L TOK §
TMST Pl TMS |
DN Ll T §
1708 TDOT fe--H—T00 ;
N RCKY pat -+~ RCK §
CONTROLLER N B ;
) . . ' E 4 o E
[ = 16K t 1802 01506 1
TMS/ROK fa]  fmgtosed THIS/RCK | o)
EJE,”TDG e =% g TDL’TDO E 'E'ARGE-E N ;
T i H
1808 b TRST ;
i TOK i
TMSN fmetosl TMS §
55 TOIN b TDI i
"""""""""""""""""""" ety THON ke —1T00 !
Iesseem TR HCKN i RCK ;
e s TMS/ROK ; Ab ;
5 ] Lea TDYTDO b d
1726 ! FooTT o 7
E 1904~ [angert 11
H §
7 b TCK !
1724 o TMS/RCK | 4
ELV TOYTDO ;
A !
E 1702 o 1708 ;
i A
L TARGET N |
i H
- TOK ;
g sl TMS/RCK §
§ H
§ H

-5 TBY/TDO




U.S. Patent Oct. 27, 2015 Sheet 16 of 26 US 9,170,300 B2

FiG. 20
“““““““““““““““““ 1 [ e
H%f gz 11 5G| o s
j ’ ) y s ;
b N £jji8 =1 | 818 i —»‘;‘5@ |
1, IRE R T
) QUTL_.,,,; WIRE | oo WIRE ou 820 |
i § . § ’ H
; -
| DO Py ; /WERE : % j ™o |
P <N o ; 7, {ﬁiwmmom |
| s 814 816 | ;2002 (] 816 8 %
E&gb i § \ {
] CONTROLLER | gm TARGET 1 822 _;
nnnnnn g e
{ P
1708 a
r— 824 |
D82 e o |
; - , ‘ i
WIRE ouT .
§ 8201
{ o ‘jj S
L 00 |
f o ")\E‘L«Wmogj !
b4 816 814 -
T § - %
f TARGET N R27
L e e e e e J
FiG. 2§
R ———— ! m-\j ““““““““ 830 |
oy | om eis 804 NG TR DR
O ouT .1{ WIRE 3 5 WIRE OuT .
! N | asmck | %%g
, R WIRE ] Yo
| TMS k—«v\\ ! y ! -y ROK |
! 8l gi4 816 | 12102] 1| i 14 —0E2 |
a i i Yo
i CONTROLLER _} gﬂ TARGET 1 828 _;
1708 e
] B30 |
B B B L VI DO
§ wiRe P oyt 896 |
H /' f
A, Ak |
; Aol .U
514 L8188 ¢
514-
i TARGFT N 828
e e e e e ]



U.S. Patent Oct. 27, 2015 Sheet 17 of 26 US 9,170,300 B2

2212
I
s |
2204
818 \ 2228 2208
L o HIGH
. .
'“235 v L'H G\?T og} ouT
e En i B 22240 2905 \
! L b LOW 2214
§ o g H
a ‘\j) b sestl 2224
g i
g 2718 50 2392
2210 1y @ 2220~ 1
§ H
WIRE ; N WIRE | SO:51 1IN
! ; LOW | HH | oLow
e e o e ed e o MID T LH | oUT
8 HigH | UL | HIGH
Fi;. 22
H H
CONTROLLER bOWIRE TARGET
LOW ; VOLTAGF ; LOW
voo2210 ! LOW D L2210
§ H /"8—54
QUT==LOW «y\ : ; N § OUT=LOW
814 gig | 2002/ | 816 TOLT ENABLE == Hi
& v & OUTPLUT ENABLE == HIGH
FiIG. 234
§ ]
CONTROLLER { WIRE TARGET
MID §VOLTAGE§ MID
Vo 2210 g MID ! “/QZWDJV
: : ~B14
our=Low— > I s OUT=HIGH
5 ¥ { N
814 g( ) Fio2002/ 816 e
: 816 L g | OUTPUT ENABLE = HIGH

FiGg, 238



U.S. Patent Oct. 27, 2015 Sheet 18 of 26 US 9,170,300 B2
CONTROLLER IOWIRE i TARGET
MID P yoitage | OMID
y & 2210~73 ; MiD : 2310
; N ; ~814
F 2N N : ﬁ""\ T A
OUT ~HIGH o OUT=LOW
! 814 816 1 2002/ § 6 1 OUTPUT ENABLE =HIGH
y 2102
FIG. 23C
CONTROLLER P OWIRE 8 TARGET
HIGH ; VOLTAGE ; HIGH
v ooooio-t ¢ oHeH oo v
! . | 814
OUT =HIGH w : 25})2 —— | QUT=HIGH
L 81 8?5 y 20027 816 | L—outpute
P o ; | T ENABLE = HIGH
a 2107 i G
FIG. 23D
g o e . 1708 [ e e .
§ i { } {
| aDA/A08 802/804 | 1 o802/804 o4/830 |
| 824@2‘3‘ 21t wenll RTINS Rt 4T B24/830 ;
| TDE/RCK@——-\A——E&;&EQP | ; Lfﬁ N LepiTVS
! ouT WRE | Y rnimoon || WIRE OuT oo !
| / — N b OTMS/RCK | e A 620/826 |
§ 251& i WIRE § 2210 2214 4 H
b TDO/TMS k—w oo o TDO/RCK
T N Vs VoS L oEi/0E |
i an 814 16 11 2002/ 1 | 816 814 3 {
i 820/830 i i N !
I CONTROLLER 2102 TARGET 822/828
bkt X L e} JEefOC8
A R C D
rTTTY P LI LT
moﬁmb\i b 5 i

oyTMs \

 INURDUURDN [ RN L.M.,..,.}

FIG.

24



U.S. Patent Oct. 27, 2015 Sheet 19 of 26 US 9,170,300 B2

HOME STATE INPUT ADDRESS STATE
SOFT RESET SEQUENGE 1402 1404

701 \\ \\\\\\;\ A \\\\\\\\\\\\\\\\‘:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ M X X }C .
. R
FiG. 25 824

INPUT ADDRESS STATE
SOFT RESET SEQUENCE 1404

|
g0 ™ML A\

54~ T T Y S G

FiG. 26
HOME STATE INPUT ADDRESS STATE
HARD RESET SEQUENCE 1402 1404

gl \\\\\\‘\\\\ \\\\§\ R \\\\\\ AR \\\\\%\1\ DL X% )C X
FIG. 2 Ry

INPUT ADDRESS STATE
HARD RESET SEQUENCE 14\94

A o -
FiG. 28




US 9,170,300 B2

Sheet 20 of 26

Oct. 27, 2015

U.S. Patent

6o A
! n
! ,
! |
" |
JONINDIS L3STH CHvH ! FONINTES L3S 1408 m
g Y067
| NYOS VIVO/NDILONHISNY NYUS YLYO/NOLDNELSN NYOS ¢LYO/NOLLONYLSN] ¢
; - i i . 078
M DX DX - o
P e i o 3 -y
1) N X X o
; W K .Alll‘lll‘ll\
_ i i % 0 u w 1
| ) ) L0000 SN LBYEL 333 QUYONYLS | N mwﬁw,/gcmmm
iy N . . ) . "
LD ¥oL~_gyq |

1,,s
\\m { . s
P87 |

M P
wee”

A

e e e e e e e e e e o o e en e e e e s ot e e e e e e e e e e o e e e e o e e o o e e o e e e et e e o e oo e e e e}

N oay - 08

T

N A T a8
! * SAL~_geg

g1

P07 L L
JEY 1S §S3HO0Y LNdNI mm,.mw

30vL

..................... 30v 1
— A1YES NOHLINYGLSN] 1NN

-44YLS FLVIS NOUDMHLISNE~_ Dbl JLVLS HOLYI ~_

BRI EIRSL IS SSHHOAY



US 9,170,300 B2

Sheet 21 of 26

Oct. 27, 2015

U.S. Patent

AONIN0IS 1383 GHvH

FONIN0IS L3534 1408

%mm ww%
T o 028 T 00108
08 Did ,,,%%/////////////M%/, al. mmm 78
9261 ,mm.,xee\i meﬁ -~ %mgw 9781~ ﬁwﬁ\i@g SAL~ geg w
Wr sssss : wsss.:wa./@& m Mr,::EM,E......S,mé?,.@5 w
_ |
! !

TN oz 0

i ¥l

LD D D D D D

SPL~_geq

S ya

o0l g RN
FEYLS NOLLOOWISHT 1NN diV1S SSIHOUY LNgn NQ@N
3IYIS ELVLS NOLLONHISNI - YIS HOLY~_

SHE v 11yadn ~Uivt ssagagy o Jort



US 9,170,300 B2

Sheet 22 of 26

Oct. 27, 2015

U.S. Patent

9028 POzE
aaaaaaaaaaa o R )
§ f
_ OaL ; m |
Hid M 5l m m 15HE
H §
HIHORID HO AN IV ST i M mwm.
RS e 01 - 7177 .
% % mm_T:/,!m,.wm{m&m:..-imaw.muiqm :\\vwmm W w IAYAANS vwmm
W ] y
e H3151934 NOLLONHLSN] e " : i o el 0L
| i . TTZ A WS R ANy
G O X « 2iez 7 Qiéz Mm@mm w G122 ™
et SUASIOIVIVG e (08 ; ! 708 T
\ § j .
iz an ; ; HATIOUINGD
iiiiiiiiiii d B movw o mmm s mnm e R R
CE DA
Gal ai
I led e o o o o e 7 TET ISHL
HPO0ID HO 02i~d o - S
m%mg@ dL Nww Tl
mm,,w v e HT1SIOTH NOLLONYISN] e H 0aL
Am D ab— ]
971 yO1 ) HITIOHINGD
[£ DA




US 9,170,300 B2

Sheet 23 of 26

Oct. 27, 2015

U.S. Patent

mm,wm w@wm
s s e wee 0o 00 o0 o0er o0er 0 is\w m.. iiiiiiiii
T | e
T— “ 1sul m | o
Z08 o S PR AT ; ! AYFAN aumn e R
R 1 2i2e | 0122 y20vE 0lzg (el
SRR 1 18 AN N oy R B W [ DS A P
HMO0ID HO dvl e P08 PO~ Wl
HOAS0D * 9 H ¥ At
-4 e T \\WWNN H b oldd
! ERCVAE eI 1 m m . @NN
e IS E HIGNG e e ! ! ¥ % gk
N HILSI9IH NOILONUISNI T I N | vl 0L
X 1 22z 7/ oiez tzoge otz N soee
o SHILSIOIY VLYO cue m m ¢08 Y
JIEYNT = . j ; HITIOHINGD
e e e e e e e e J b e e e e
FE DA
£
Md val MF
: (581 S
M) NOH -
! ¥
- o q Sl
OO HO avi| SHL vaw
%mgo ; S5
mmv ¥ it U3 SI03H NOLLONYLSN fe i 00
2}ty Qb X I
208E
! SHIISIHIY VIV -y
J19¥N3 208 ) H1TI0HINGD
£ DA




U.S. Patent Oct. 27, 2015 Sheet 24 of 26 US 9,170,300 B2
3502 ey - 3504
\ FiG. 35 ;
10
. N I
EMULATION EMULATION
TRACE AND 7| TRACE AND | 112| FUNCTIONAL
DEBLG Lo DEBUG [ cmourT
INTERFACE »  CIROUT
) 102
3506 b 106
3602 N 3604
N FIG. 36 i
.
822 8%\2
/802 802 -
22147+ 12212
v:l-a» - N .“Lfi;\_-a‘
. /';\-;4:7“‘ G/ *ﬂ“‘q:-/’\
2212 2210 2210 2214 _
Sl T e FUNCTIONAL
EMULATION b I "Ll EMULATION CIRCUIT
TRACE AND § ‘ TRACEAND [T )
pERLG P L ST DEBUG 102
INTERFACE ¥l = OIRCUIT
{
3506 b N . 108
206 = y SN s L
3606
FIG. 37
103
N
FUNCTIONAL | | FUNCTIONAL
CRCUIT e CIROUIT
3702~ 102 | - 102 3704




U.S. Patent Oct. 27, 2015 Sheet 25 of 26 US 9,170,300 B2

3802 ey - 3804
- FIG. 38 %%
R ¢
8/22 822
842 802 N
2014 L= & 2212
TR Y
P v SR N L s P
2212 L2210 2210 2214
FUNCTIONAL [+, ) " 1 FUNCTIONAL
CIRCUIT ; ; CIRCUIT
102 i ) " e 102
} H
SN fj = et
3806
FIG. 39
103
h .
MASTER  |e SLAVE .
39020 | FuncTIONAL |- = FUNCTIONAL | e 3908
crowr [ T CIRGUIT 1
3904 [ - 3910
&
SELECT AND
CONTROL BUS
/
3906
¥
- SLAVE
! FUNCTIONAL
7 GIRCUIT N
"Q-\,
N 3914 3912




U.S. Patent Oct. 27, 2015 Sheet 26 of 26 US 9,170,300 B2

0 FIG. 40 )
k]
%;2 802
2m4~*q§@3 4008 N E2aV
\Jl-w L ) \ ~ _‘Qb\./
et N L Py
22l 2210 2210 | |2214
MASTER s _J" "LJe  SLAVE
FUNCTIONAL § | FUNCTIONAL
CIRCUIT = 1, J7 = CIROUIT |
3904 L TRel 3910
822~ -
SELECT AND
CONTROL BUS
f,!
3906
8§22~ ]
SQE 2212
T
¢ e *
2210 | 12214
"L d=  SLAVE
| FUNCTIONAL
S CIRCUITN
l 3914

A

iR

4006



US 9,170,300 B2

1
LINKING CIRCUITRY SELECTIVELY
COUPLING TDI/TDO WITH FIRST AND
SECOND DOMAINS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional of application Ser. No.

13/462,497, filed May 2, 2012, now U.S. Pat. No. 8.892.970,

issued Nov. 18, 2014.

Which was a divisional of application Ser. No. 13/091,721,
filed Apr. 21,2011, now U.S. Pat. No. 8,195,994, granted Jun.
5,2012;

Which was a divisional of application Ser. No. 12/952,734,
filed Nov. 23, 2010, now U.S. Pat. No. 7,954,027, granted
May 31, 2011;

Which was a divisional of application Ser. No. 12/560,697,
filed Sep. 16, 2009, now U.S. Pat. No. 7,865,791, granted Jan.
4,2011;

Which was a divisional of application Ser. No. 11/938,923,
filed Nov. 13, 2007, now U.S. Pat. No. 7,617,430, granted
Nov. 10, 2009,

Which was a divisional of application Ser. No. 11/292,643,
filed Dec. 2, 2005, now U.S. Pat. No. 7,308,629, granted Dec.
11, 2007,

Which claims priority from Provisional Application No.
60/633,931, filed Dec. 7, 2004;

and is related to application Ser. No. 10/983,256, filed Nov.
4, 2004, titled “Removable and Replaceable Tap Domain
Selection Circuitry”

BACKGROUND OF THE DISCLOSURE

This disclosure relates in general to IC or core signal inter-
faces and particularly to IC or core signal interfaces related to
test, emulation, debug, trace, and function operations.

DESCRIPTION OF THE RELATED ART

FIG. 1 illustrates an IC or embedded core circuit 100 con-
taining functional circuits 102, IEEE 1149.1 (JTAG) circuit
104, and emulation, debug, and/or trace circuit 106. The
functional circuit 102 communicates externally of the IC or
core via bus terminals 103. The 1149.1 circuit communicates
externally of the IC or core via bus terminals 108 and inter-
nally to the functional circuit 102 via bus 114. The emulation,
debug, and/or trace circuit communicates externally of'the IC
or core via bus terminals 110 and internally to the functional
circuit 102 via bus 112. As seen, the 1149.1 circuit 104
comprises data registers 116, instruction register 118, mux
122, falling clock edge FF 124, tristate buffer 128, and test
access port (TAP) controller 120. The 1149.1 circuit 104 has
external terminals on bus 108 for a test data input (TDI) 132,
a test mode select (TMS) 134, a test clock (TCK) 136, a test
reset (TRST) 138, and test data output (TDO) 140 signals.
The data registers 116 comprise a set of serially accessible
registers, some providing input and output to functional cir-
cuit 102 via bus 114. The registers can be used for performing
boundary scan test operations on functional bus terminals
103, performing internal scan testing of the functional circuit
102, and/or supporting debug, trace, and/or emulation opera-
tions on the functional circuit 102. As indicated, a power up
clear (PUC) circuit 130, which is a circuit for resetting or
initializing a given circuit upon application of power, may be
used instead of or in combination with the TRST terminal to
set the state of the Tap 120 in the 1149.1 circuit 104.
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FIG. 2 illustrates an IC 200 containing four JTAG circuits
104. One JTAG circuit 104 is associated with non-core cir-
cuitry in the chip and is referred to as the Chip Tap Domain
202. The other JTAG circuits 104 are each associated with
circuitry of an embedded core and are referred to as Core Tap
Domains 204-208. The Tap domains 202-208 are shown in
Tap domain region 201. The JTAG circuit 104 bus terminals
108 of each Tap domain 202-208 may be coupled to chip
terminals 212-220 via a Tap Domain Selection circuit 210.

0 Once coupled, the JTAG circuit 104 of a selected Tap domain

202-208 may be accessed via chip terminals 212-220 for test,
debug, trace, and/or emulation operations by an external con-
troller. A variety of Tap domain selection circuits 210 that
could be used in this example are described in a referenced
paper entitled “An IEEE 1149.1 Based Test Access Architec-
ture for ICs with Embedded Cores™ authored by Whetsel and
presented at the IEEE International Test Conference in
November of 1997.

When using a Tap Domain Selection circuit as shown in
FIG. 2 it is best to remove the TDO tristate buffer 128 of ITTAG
circuits 104, if possible, to allow the flip flop 124 of'the JTAG
circuit 104 to directly drive the TDO signal on the interface
108 between the JTAG circuit 104 and the Tap Domain Selec-
tion circuit. This practice prevents floating (i.e. tristate) TDO
signal lines inside the IC/core.

FIG. 3 illustrates an IC or embedded core circuit 300 con-
taining functional circuits 102, JTAG circuit 302, and emula-
tion, debug, and/or trace circuit 106. The IC 300 is identical to
1IC 100 of FIG. 1 with the exception that JTAG circuit 302 is
different from JTAG circuit 104. The difference is that the
JTAG circuit 302 includes a flip flop (FF) in the TCK path to
the Tap 120. The D input of the FF is coupled to the TCK
signal 136, the Q output of the FF is coupled to the TCK input
of the Tap 120, and the clock input of the FF is coupled to a
functional clock (FCK) output 306 from function circuit 102.
The Q output of the FF is also output as a return clock (RCK)
output on terminal 308 of bus 310. The difference between
bus 108 of FIG. 1 and bus 310 of FIG. 3 is the additional RCK
signal 308. The use of FF 304 in JTAG circuit 302 forces the
TCK signal from an external controller to be sampled by the
FCK 306 before it is allowed to be input to the Tap 120. The
RCK output 308 to the external controller indicates to the
external controller when the TCK signal has been sampled by
the FCK. For example, if the external controller sets TCK 136
high, the RCK signal 308 output will go high when the FCK
306 clocks the TCK into FF 304. When the controller sees a
high on RCK, it can set TCK low and again wait for the RCK
to indicate when the low on TCK has been clocked into the FF
304 by the FCK 306. This method of operating the JTAG
circuit 302 allows the external controller to synchronize the
operation of the TCK signal to the frequency of the FCK
signal, using the handshaking operation provided by the RCK
signal. This TCK handshaking technique, while not compli-
ant to the IEEE 1149.1 standard, is being designed into
embeddable cores provided by ARM Ltd. Thus the technique
must be adopted in ICs that use embedded cores from ARM
Ltd.

FIG. 4 illustrates an IC 400 containing four JTAG circuits
302. One JTAG circuit 302 is associated with non-core cir-
cuitry in the chip and is referred to as the Chip Tap Domain
402. The other JTAG circuits 302 are each associated with
circuitry of an embedded core and are referred to as Core Tap
Domains 404-408. The Tap domains 402-408 are shown in
Tap domain region 401. The JTAG circuit 302 bus terminals
310 of each Tap domain 402-408 may be coupled to chip
terminals 412-422 via a Tap Domain Selection circuit 410.
Once coupled, the JTAG circuit 302 of a selected Tap domain
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402-408 may be accessed via chip terminals 412-422 for test,
debug, trace, and/or emulation operations by an external con-
troller. The Tap domain selection circuit 410 is similar to the
Tap domain selection circuit 210 of FIG. 2 with the exception
that it includes additional circuitry for coupling the RCK 308
output of a selected Tap domain 402-408 to the RCK chip
terminal 422.

SUMMARY OF THE DISCLOSURE

In a first aspect of the present disclosure, a method and
apparatus is described in FIGS. 5-30 for addressing, instruct-
ing, and accessing Tap Domains in ICs or core circuits using
a reduced number of signal terminals. In a second aspect of
the present disclosure, a method and apparatus is described in
FIGS. 31-34 for accessing a target Tap domaininan IC or core
circuit using a reduced number of signal terminals. In a third
aspect of the present disclosure, a method and apparatus is
described in FIGS. 35-36 for reducing the number of IC or
core signal terminals involved with emulation, debug, and
trace operations. In a fourth aspect of the present disclosure,
amethod and apparatus is described in FIGS. 37-40 for reduc-
ing the number of IC or core signal terminals involved in
function 1/O operations.

DESCRIPTION OF THE VIEWS OF THE
DRAWINGS

FIG. 1 illustrates an IC or core with a standard JTAG circuit
Tap Domain.

FIG. 2 illustrates an IC or core having plural standard JTAG
circuit Tap Domains and Tap Domain selection circuitry.

FIG. 3 illustrates an IC or core with a non-standard JTAG
circuit Tap Domain.

FIG. 4 illustrates an IC or core having plural non-standard
JTAG circuit Tap Domains and Tap Domain selection cir-
cuitry.

FIG. 5 illustrates an IC or core including the addressable
Tap Domain Selection circuit of the present disclosure.

FIG. 6 illustrates more detail view of the addressable Tap
Domain Selection circuit of the present disclosure.

FIG. 7A illustrates the operation of the Tap Domain Selec-
tion Circuit of the present disclosure in response to first,
second, and third protocols.

FIG. 7B illustrates sequences of first, second, and third
protocols of the present disclosure.

FIG. 8 illustrates a detail view of the Addressable Tap
Domain Selection Circuit interfaced to plural Tap Domains.

FIG. 9 illustrates a detail view of the Address circuit of the
present disclosure.

FIG. 10 illustrates a detail view of the Instruction circuit of
the present disclosure.

FIG. 11 illustrates a detail view of the Tap Linking circuit
of the present disclosure.

FIG. 12 illustrates the Reset, Address, and Instruction Con-
trollers of the present disclosure.

FIG. 13 illustrates a detail view of the Hard and Soft reset
controllers and sequences of the present disclosure.

FIG. 14 illustrates the state diagram of the Address and
Instruction controller of the present disclosure.

FIGS. 15A and 15B illustrate detail views of the Address
and Instruction controller of the present disclosure.

FIG. 16 illustrates the state diagram of the standard IEEE
1149.1 Tap controller.

FIG. 17 illustrates the connection between an external con-
troller and the circuitry of the present disclosure existing in
ICs or core circuits.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 17A illustrates the connection between an external
controller and the circuitry of the present disclosure existing
in stacked die circuits.

FIG. 18 illustrates the connection between an external con-
troller and a circuit containing the present disclosure that is
interfaced to standard legacy JTAG circuits in ICs or cores.

FIG. 19 illustrates the connection between an external con-
troller and a circuit containing the present disclosure that is
interfaced to standard legacy JTAG circuits in ICs or cores,
and to ICs or cores that include the circuitry of the present
disclosure.

FIG. 20 illustrates the TDI/TDO connection between 1/O
buffers of the present disclosure existing in an external con-
troller and in target ICs or cores.

FIG. 21 illustrates the TMS/RCK connection between 1/O
buffers of the present disclosure existing in an external con-
troller and in target ICs or cores.

FIG. 22 illustrates the data input circuit of /O buffers of the
present disclosure.

FIG. 23A-23D illustrates the operation of the output buffer
of the 1/O circuits of the present disclosure existing in an
external controller and a target IC or core.

FIG. 24 illustrates the four cases of signal flow between the
1/O buffer of an external controller and the I/O buffer of a
target IC or core.

FIGS. 25-28 illustrate different sequences of performing
first and second protocols of the present disclosure.

FIG. 29 illustrates the sequence of performing a second
protocol, then a third protocol, then a first protocol according
to the present disclosure.

FIG. 30 illustrates the sequence of performing a second
protocol, then a first protocol according to the present disclo-
sure.

FIG. 31 illustrates an interface between an external con-
troller and a standard JTAG circuit within an IC or core.

FIG. 32 illustrates a reduced interface between an external
controller and a standard JTAG circuit within an IC or core
according to the present disclosure.

FIG. 33 illustrates an interface between an external con-
troller and a non-standard JTAG circuit within an IC or core.

FIG. 34 illustrates a reduced interface between an external
controller and a non-standard JTAG circuit within an IC or
core according to the present disclosure.

FIG. 35 illustrates an interface between an external con-
troller and emulation, debug, and trace circuits within an IC or
core.

FIG. 36 illustrates a reduced interface between an external
controller and emulation, debug, and trace circuits within an
IC or core according to the present disclosure.

FIG. 37 illustrates a functional interface between first and
second functional circuits of an IC or core.

FIG. 38 illustrates a reduced functional interface between
first and second functional circuits of an IC or core according
to the present disclosure.

FIG. 39 illustrates a functional interface between a master
functional circuit in a first IC or core and slave functional
circuits in second and third ICs or cores.

FIG. 40 illustrates a reduced functional interface between a
master functional circuit in a first IC or core and slave func-
tional circuits in second and third ICs or cores according to
the present disclosure.

DETAILED DESCRIPTION

FIG. 5 illustrates an IC 500 including the test, debug, trace,
and/or emulation architecture of the present disclosure. The
architecture includes a Tap domain region 522 comprising
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individual Tap domains 502-508. Each Tap domain 502-508
includes a JTAG circuit 510, which can be either the conven-
tional JTAG circuit 104 or the modified JTAG circuit 302.
Each JTAG circuit 510 is coupled to an Addressable Tap
Domain Selection circuit 514 via buses 512. If a JTAG circuit
510 is a conventional JTAG circuit 104, its bus 512 will be the
same as bus 104. If JTAG circuit 510 is a modified JTAG
circuit 302, its bus 512 will be the same as bus 310.

Addressable Tap domain selection circuit 514 is coupled to
external IC terminal signals TCK 516, TMS/RCK 518, and
TDI/TDO 520. The TCK 516 signal is the same as the TCK
214 signal shown in FIGS. 2 and 4, with the exception that, in
addition to operating as a clock input to the IC 500 from an
external controller, the TCK 516 of FIG. 5 can also be oper-
ated as a data input and a control input from the external
controller, according to a first protocol defined by the present
disclosure. The TMS/RCK 518 signal is a signal defined by
the present disclosure to operate as a signal that can serve as
either an input signal to the IC 500 from an external controller
or as a simultaneous input/output between the IC 500 and the
external controller. Similarly, the TDI/TDO 520 signal is a
signal defined by the present disclosure to operate as a signal
that can serve as either an input signal to the IC from an
external controller or as a simultaneous input/output between
the IC and the external controller.

FIG. 6 illustrates in more detail the connections between
the Addressable Tap Domain Selection circuit 514 and the
Tap Domains 510 in Tap domain region 522. Selection Circuit
514 is coupled externally of the IC via signal terminals TCK
516, TMS/RCK 518, and TDI/TDO 520. As seen, pull up
elements, pull down elements, or other state holding elements
602 such as bus holders are preferably connected to these
terminals to allow them to be set to a known state when they
are not externally driven. Selection circuit 514 is coupled to
the Tap domains 1-4 in Tap region 522 via TDI 1-4 signals
132, TDO 1-4 signals 140, TMS 1-4 signals 134, RCK 1-4
signals 308, TCK signal 136, and TRST signal 138.

In this example, the Tap region 522 is assumed to contain
four Tap domains 510 with all four Tap domains 510 being
modified Tap domain 302 types. Thus each of the four Tap
domains 510 will have a RCK 308 output (1-4) to the Selec-
tion circuit 514. In another example, the Tap region 522 may
contain four Tap domains 510, each being conventional Tap
domain 104 types, which would eliminate the need for the
RCK signal connections to the Selection circuit 514. In still
another example, the Tap region 522 may contain mixtures of
modified Tap domains 302 requiring RCK signal connections
and conventional Tap domains 104 not requiring RCK signal
connections. Also while this example shows four Tap
domains 510 in Tap region 522, a lesser or greater number of
Tap domains 510 (104 or 302 types) may exist in Tap region
522.

The purpose of the Addressable Tap Domain Selection
circuit 514 is to allow for an external controller coupled to
terminals 516-520 to input an address to the Selection circuit
514 of the IC then load an instruction into the Selection circuit
514 of the IC. The loaded instruction may provide a plurality
of control functions within the IC, at least one control func-
tion being to control which one or more Tap domains 510 in
Tap region 522 is selected for access by the external control-
ler.

In applications of the present disclosure, a plurality of ICs
may be coupled, at some point, to an external controller via
terminals 516-520, as depicted in FIG. 17. Each Selection
circuit 514 of each IC will have a local and a global address
that enables it to input an instruction. The local address, as
defined by the present disclosure, is an address capable of
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uniquely identifying one Selection circuit 514 within a given
IC from any other Selection circuit 514 within the same or
different IC. The global address is defined as an address that
commonly identifies all Selection circuits 514 within any
number of ICs. All the Selection circuits 514 of ICs will input
the address from the external controller, but only the Selec-
tion circuit 514 having an address that matches either the local
or global address input will be enabled to further input the
instruction. Thus Selection circuits 514 not matching the
address input will not input the instruction. These non-ad-
dressed Selection circuit 514 will be placed in an idle condi-
tion until the next address and instruction input sequence
occurs.

FIG. 7A illustrates the high level operation of the Addres-
sable Tap Domain Selection circuit 514 in response to first,
second, and third protocols applied to the Selection circuit
514 via terminals TCK 516, TMS/RCK 518, and TDI/TDO
520. The first protocol uses terminals TCK 516 and TMS/
RCK 518 to; (1) move the Selection circuit 514 from the Tap
Domain Access state 708 to either the Hard Reset state 702 or
Soft Reset state 704, (2) move between the Hard Reset state
702 and the Soft Reset state 704, (3) move from the Address
& Instruction input state 706 to either the Hard 702 or Soft
704 Reset states, or (4) remain in either the Hard 702 or Soft
704 Reset state. The second protocol uses terminals TCK 516,
TMS/RCK 518, and TDI/TDO 520 to move the Selection
circuit 514 from the Hard or Soft reset states into the Address
& Instruction input state 706 or, if in the Address & Instruc-
tion input state 706, to remain in the Address & Input state
706. The third protocol uses terminals TCK 516, TMS/RCK
518, and TDI/TDO 520 to move the Selection circuit 514
from the Address & Instruction Input state 706 into the Tap
Domain Access state 708 or, if in the Tap Domain Access state
708, to remain in the Tap Domain Access state 708.

Entry into the Hard reset state 702 fully resets all circuits in
both the Selection circuit 514 and the Tap domains 510 in Tap
region 522. Entry into the Soft reset state 704 does not fully
reset the Selection circuit 514 or Tap domains 510. The Hard
and Soft reset states 702-704 serve as starting points for
communication sessions using the second protocol in state
706. The Hard and Soft reset states 702-704 also serve as
ending points for communication sessions using the second
protocol in state 706 and using the third protocol in state 708.
Entry into the Address & Instruction input state 706 starts a
communication session using the second protocol for input-
ting the above mentioned address and instruction. Entry into
the Tap Domain Access state 708 starts a communication
session using the third protocol for accessing the selected Tap
Domain(s) 510.

FIG. 7B illustrates examples of “starting and stopping”
sequences of first, second, and third, and sequences of first
and second protocols.

Protocol sequence A 712 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Hard Reset state 702, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, the instruction in this case selecting
one or more Tap Domain(s) 510 for access, (3) switching
from performing the second protocol to performing the third
protocol to enter the Access Tap Domain state 708, for access-
ing the Tap domain(s) 510 selected by the loaded instruction,
and (4) switching from performing the third protocol, after
the Tap domain access has been completed, to performing the
first protocol to enter the Hard Reset state 702, which termi-
nates the protocol sequence and resets the Selection circuit
514 and the Tap Domains 510.
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Protocol sequence B 714 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Hard Reset state 702, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, the instruction in this case selecting
one or more Tap Domain(s) 510 for access, (3) switching
from performing the second protocol to performing the third
protocol to enter the Tap Domain Access state 708, for access-
ing the Tap domain(s) 510 selected by the loaded instruction,
and (4) switching from performing the third protocol, after
the Tap domain access has been completed, to performing the
first protocol to enter the Soft Reset state 704, which termi-
nates the protocol sequence.

Protocol sequence C 716 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Soft Reset state 704, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, the instruction in this case selecting
one or more Tap Domain(s) 510 for access, (3) switching
from performing the second protocol to performing the third
protocol to enter the Tap Domain Access state 708, for access-
ing the Tap domain(s) 510 selected by the loaded instruction,
and (4) switching from performing the third protocol, after
the Tap domain access has been completed, to performing the
first protocol to enter the Soft Reset state 704, which termi-
nates the protocol sequence.

Protocol sequence D 718 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Soft Reset state 704, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, the instruction in this case selecting
one or more Tap Domain(s) 510 for access, (3) switching
from performing the second protocol to performing the third
protocol to enter the Tap Domain Access state 708, for access-
ing the Tap domain(s) 510 selected by the loaded instruction,
and (4) switching from performing the third protocol, after
the Tap domain access has been completed, to performing the
first protocol to enter the Hard Reset state 702, which termi-
nates the protocol sequence and resets the Selection circuit
514 and the Tap Domains 510.

Protocol sequence E 720 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Hard Reset state 702, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, and (3) switching from performing
the second protocol to performing the first protocol to enter
the Hard Reset state 702, which terminates the protocol
sequence and resets the Selection circuit 514 and Tap
Domains 510.

Protocol sequence F 722 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Hard Reset state 702, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, and (3) switching from performing
the second protocol to performing the first protocol to enter
the Soft Reset state 704, which terminates the protocol
sequence.

Protocol sequence G 724 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Soft Reset state 704, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
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address and instruction, and (3) switching from performing
the second protocol to performing the first protocol to enter
the Soft Reset state 704, which terminates the protocol
sequence.

Protocol sequence H 726 illustrates the sequence of; (1)
initially performing a first protocol to enter into or remain in
the Soft Reset state 704, (2) switching from performing the
first protocol to performing the second protocol to cause entry
into the Address & Instruction input state 706 to input an
address and instruction, and (3) switching from performing
the second protocol to performing the first protocol to enter
the Hard Reset state 702, which terminates the protocol
sequence and resets the Selection circuit 514 and Tap
Domains 510.

FIG. 8 illustrates the Addressable Tap Domain Selection
circuit 514 in more detail. The Selection circuit 514 includes
a TDI/TDO T/O circuit 802, a TMS/RCK 1/O circuit 804,
Reset, Address & Instruction controllers 806, an address cir-
cuit 808, an instruction circuit 810, and a Tap Linking circuit
812. The I/O circuits 802 and 804 each include an output
buffer 814, a resistor 816, and a data input circuit 818.

The output buffer 814 of 1/O circuit 802 has an input
coupled to the TDO output signal 820 from Linking circuit
812, an output coupled to one lead of resistor 816, and a
3-state control input coupled to the output enable 1 (OE1)
signal 822 from Linking circuit 812. The other lead of resistor
816 is coupled to the TDI/TDO terminal 520. The data input
circuit 818 has a first input coupled to the TDI/TDO terminal
520, a second input coupled to the TDO signal 820, and an
TDI output signal 824 coupled to inputs of the Address circuit
808, Instruction circuit 810, and Linking circuit 812.

The output buffer 814 of 1/O circuit 804 has an input
coupled to the RCK output signal 826 from Linking circuit
812, an output coupled to one lead of resistor 816, and a
3-state control input coupled to the output enable 2 (OE2)
signal 822 from And gate 846. The other lead of resistor 816
is coupled to the TMS/RCK terminal 518. The data input
circuit 818 has a first input coupled to the TMS/RCK terminal
518, a second input coupled to the RCK signal 826, and an
TMS output signal 830 coupled to inputs of the Linking
circuit 812 and Controllers 806.

The Reset, Address, and Instruction Controllers 806 has
inputs coupled to TCK terminal 516, TMS signal 830, an
Address Match (AM) signal 838 output from Address circuit
808, and to a function reset and/or power up clear signal 844.
The Controller 806 outputs instruction control (IC) signals
832 to Instruction Circuit 810, an address clock (AC) signal
834 to Address Circuit 808, a hard reset (HR) signal 836 to
Instruction Circuit 810 and to the TRST input of Tap Domains
510 in Tap Region 522, and an Enable signal 842 to And gates
848 and 850.

And gate 850 inputs the Enable signal 842 and the TCK
516 signal and outputs a TCK 136 signal to Tap Domains 510
in Tap Region 522. When Enable signal 842 is high, And gate
850 couples TCK signal 516 to TCK signal 136. When Enable
is low, TCK signal 136 is forced low.

And gate 848 inputs the Enable signal 842 and a signal 846
from instruction output bus 840 and outputs the OE2 signal
828 to output buffer 814 of I/O circuit 804. When Enable
signal 842 is high, And gate 848 couples instruction output
signal 846 to the OE2 signal 828. When Enable is low, OE2
828 is forced low, disabling output buffer 814 of 1/O circuit
804. If the Tap Domain 510 selected for access is a conven-
tional Tap Domain, i.e. no RCK, the loaded instruction will
output a low on instruction signal 846 to disable output buffer
814 from outputting RCK signals 826 onto TMS/RCK 518
when Enable signal 842 is set high. If the Tap Domain 510
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selected for access is a Tap Domain that uses the RCK signal,
the loaded instruction will output a high on instruction signal
846 to enable output bufter 814 for outputting RCK signals
826 onto TMS/RCK 518 when Enable signal 842 is set high.

The Linking Circuit 812 is coupled to the I/O circuits
802-804 and to the Controllers 806 as mentioned above. The
Linking Circuit is further coupled to instruction output bus
840 of Instruction Circuit 810 to input instruction control, and
to the Tap Domains 510 of Tap Region 522, via signals
TDI1-4 132 output, TDO1-4 140 input, TMS1-4 134 output,
and RCK1-4 308 input signals.

FIG. 9 illustrates an example of how the Address Circuit
808 may be designed. The address circuit consists of an
address shift register 902, an address compare circuit 904, and
a local and global address circuit 906. The shift register 902
responds to the address clock signal 834 to shift in an address
from the TDI 824. The compare circuit 904 operates to com-
pare the address shifted into the shift register 902 to the local
and global addresses output from local and global address
circuit 906. The compare circuit outputs the result of the
compare on the address match signal 838. Since the global
address will be the same for all Selection circuits 514, it will
be fixed by design. The unique local address may be provided
by the blowing of electronic fuses, an address programmed
into a programmable memory, an address functionally writ-
ten into a memory, an address shifted into a shift register, an
address established on externally accessible device (IC/core)
terminals, or by any other suitable address supplying means.
A local address may not share the same address as the global
address. The compare circuit is capable of comparing the data
shifted into the address register 902 against both the local
address and the global address output from address circuit
906. If a match occurs between the data in the address register
902 and the local or global address, the address match signal
838 will be set high. If desired, two address match outputs,
one for indicating a local address match and another for
indicating a global address match, could be used instead of
the single address match signal 838.

FIG. 10 illustrates an example of how the instruction circuit
810 may be designed. The instruction circuit consist of an
instruction shift register 1002, instruction decode logic 1004,
and an instruction update register 1006. The shift register
1002 responds to an instruction clock (I-Clock) signal from
IC bus 832 to shift in an instruction from the TDI 824 input.
The decode logic 1004 operates to decode the instruction
shifted into the shift register 1002 and to output the decode to
the update register 1006. The update register 1006 stores the
instruction decode in response to an instruction update (I-Up-
date) signal from IC bus 832. The stored instruction decode is
output from the update register 1006 on instruction output bus
840. The hard reset (HR) signal 836 is input to both the shift
register 1002 and update register 1006 to reset the registers to
known states when the hard reset signal from Controller 806
is active low.

FIG. 11 illustrates an example of how the Linking Circuit
812 is interfaced to the Tap Domains 510 of Tap Region 522.
The Linking Circuit 812 comprises TDI multiplexer circuitry
1102, TDO multiplexer 1104, TMS gating circuit 1110, RCK
selection circuit 1106, and a Tap Tracker circuit 1114.

The TDI multiplexer circuitry 1102 comprises four indi-
vidual multiplexers for TDI1, TDI2, TDI3, and TDI4 as
shown in the dotted line box. Each individual multiplexer is
coupled to TDISEL signals from instruction output bus 840.
The TDI output of each multiplexers (TDI1-TDI4) is coupled
to arespective TDI input of Tap domains 1-4 510. In response
to the TDISEL input, the TDI multiplexers allow any of the
Tap domains to be coupled to the TDI signal 824, or to the
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TDO outputs (1-4) of any other Tap Domain 1-4 510. The
TDO multiplexer 1104 is a single multiplexer that can select
any of the TDO outputs (TDO1-4) from a Tap Domains 1-4
510 to be coupled to the TDO signal 820 in response to
TDOSEL signals from the instruction output bus 840. As can
be seen, using the above described TDI and TDO multiplexer
circuits, the Tap Domains 1-4 510 may be individually
selected between TDI 824 and TDO 820, or selectively linked
serially together between TDI 824 and TDO 820.

TMS gating circuit 1110 receives TMSSEL1-4 signals
from instruction output bus 840 to allow any of the TMS1-4
inputs of Tap Domain 1-4 510 to be coupled to the TMS signal
830. A high on a TMSSEL signal will couple TMS 830 to a
respective TMS input of a Tap Domain 510. A low on a
TMSSEL signal will force a respective TMS input of a Tap
Domain 510 low.

The TCK signal 136 is coupled to all TCK inputs of Tap
Domains 510. When the Enable signal 842 from Reset,
Address, and Instruction Controllers 806 is high, TCK 136 is
coupled to the TCK terminal 516 via And gate 850 of FIG. 8.

The HR input 836 from Reset, Address, and Instruction
Controllers 806 is input to the TRST input of the Tap Domains
510 of Tap Region 522.

RCK selection circuit 1106 receives RCKSEL signals
from instruction output bus 840 to allow any one or a combi-
nation of RCK 1-4 outputs of Tap Domains 1-4 510 to be
coupled to the RCK signal 826. In response to the RCKSEL
signals, an RCK 1-4 from any Tap Domain 1-4 510 may be
coupled to RCK 826, a combination of RCK signals may be
coupled to RCK 826 from voting circuit 1116, or the RCK
signal 826 may be coupled to a static logic level (a HI in this
example) when no RCK is used by a Tap Domain 510. The
absence of an RCK signal from a Tap Domain is indicated by
dotted line. The voting circuit 1116 is used whenever two or
more Tap Domains each having an RCK are linked together
for serial access. In this example, the AND gate of the voting
circuit 1116 detects the condition where both RCKs are high
and the OR gate of the voting circuit 1116 detects the condi-
tion where both RCKs are low. As mentioned previously,
RCKs are handshaking signals fed back to the external con-
troller to indicate when a Tap Domain of a core have synchro-
nized the TCK signal level input from the external controller
with a functional clock of the core.

The Tap Tracker circuit 1114 is an IEEE 1149.1 Tap state
machine that is used in Linking Circuit 812 to track the states
of the Tap Domain(s) being accessed in the Tap Region 522.
The main function of the Tap Tracker 1114 is to control the
output enable 1 (OE1) signal to the output bufter 814 of I/O
circuit 802. The Tap Tracker will output a signal on OE1 to
enable the output buffer to output onto terminal TDI/TDO
520 whenever the Tap Tracker (and selected Tap Domain(s))
are in the Shift-DR or Shift-IR states (see Tap Diagram of
FIG. 16). In these states, the selected Tap Domains will be
shifting data from TDI 824 to TDO 820 and the /O circuit 802
will be in its mode of simultaneously inputting and outputting
this shift data on TDI/TDO terminal 520. When not in the
Shift-DR or Shift-IR states, the Tap Domains will not be
shifting data and the OE1 signal will be set to disable output
buffer 814 of 1/O circuit 802 from operating in the simulta-
neous input and output mode on TDI/TDO terminal 520.
While output buffer 814 is disabled, I/O circuit 802 operates
in an input only mode to input data appearing of the TDI/TDO
terminal 520. As seen in FIG. 11, the Tap Tracker inputs the
TCK signal 136, the HR signal 836 (as its TRST input), and
TMS1-4 signals via OR gate 1112.

FIG. 12 illustrates a block diagram of the Hard and Soft
Reset controller 1202 and the Address and Instruction Con-
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troller 1204 within the Reset, Address, and Instruction Con-
trollers Circuit 806. The Hard and Soft Reset controller 1202
inputs the TCK signal 516, the TMS signal 830, and the
functional reset and/or power up clear signal 844, and outputs
the Hard Reset (HR) 836 signal and a Soft Reset signal 1206.
The Hard Reset (HR) 836 signal is input to the Instruction
Circuit 810 of FIG. 8 and the Tap Domains 510 of Tap Region
522. The Address and Instruction Controller 1204 inputs the
TCK signal 516, the TMS signal 830, the Address Match
(AM) signal 838, and the Soft Reset signal 1206 from con-
troller 1202, and outputs the instruction control (IC) signals
832 to instruction circuits 810, address clock (AC) signal 834
to address circuit 808, and the Enable signal 842 to And gates
848 and 850. As indicated by dotted line, the Hard and Soft
Reset controllers 1202 respond to the TCK 516 and TMS 830
inputs according to the previously mentioned first protocol,
and the Address and Instruction controller 1204 responds to
the TCK 516 and TMS 830 inputs according to the previously
mentioned second protocol.

FIG. 13 illustrates an example of how the Hard and Soft
Reset controller 1202 may be designed. The Hard and Soft
Reset controller 1202 consists of two separate controllers, a
hard reset controller 1302 and a soft reset controller 1304. The
hard reset controller 1302 consists of inverters 1306 and
1308, Or gate 1310, and flip flop pairs 1312 and 1314 con-
nected as shown. Flip flop pairs 1312 and 1314 each include
a rising edge clock flip flop feeding data to a falling edge flip
flop, so it takes both a rising and falling clock edge to propa-
gate an input to the output of the pair. The soft reset controller
1304 consists of inverters 1316 and 1318, flip flop pairs 1320
and 1322, and And gate 1324 connected as shown. Again the
flip flop pairs 1320 and 1322 include a rising edge clock flip
flop feeding data to a falling edge clock flip flop. In response
to a low input on the function reset and/or power up clear
input 844, flip flop pairs 1312 and 1314 are reset, which sets
the Hard Reset output 836 low and the Soft Reset output 1206
low, via And gate 1324. In response to the function reset/
power up clear 844 returning high, the Hard Reset controller
1302 will remain in the reset state (Hard Reset 836 output
low) if the TCK 516 input is high and the TMS 830 input is in
a stable low or high state. The Soft Reset controller flip flop
pairs 1320 and 1322 are set while the TCK 516 input is high.

During the operation of a second or third protocol, the TCK
516 input is active, forcing the flip flop pairs of the Hard and
Soft Reset controllers to be continuously forced to their set
state due to the TCK 516 signal being coupled to the set (S)
input of the pair’s flip flops. In the set state, the Hard and Soft
Reset controllers output highs on the Hard 836 and Soft 1206
Reset outputs, respectively. At the end of a second or third
protocol operation, the Hard and Soft Reset controllers may
be reset by a first protocol sequence applied on the TCK 516
and TMS 830 inputs. The Soft Reset controller 1304 is always
reset following a second or third protocol operation so that a
new second protocol operation may be initiated. The Soft
Reset output 1206 of the Soft Reset controller 1206 is used to
force the Address and Instruction controller 1204 to a Home
state (see FIG. 14). From the Home state, another address and
instruction input operation can be performed using the second
protocol. The Hard Reset controller 1302 is reset (Hard Reset
output 836 goes low) using the first protocol whenever all
required second and third protocol operations have been per-
formed. A low on the Hard Reset output 836 resets the instruc-
tion circuit 810 to a known state, forces the Address and
Instruction Controller 1204 to the Home state, and resets the
Tap Domains 510 via their TRST input.

Timing diagram 1326 of FIG. 13 illustrates a first protocol
sequence on TCK and TMS that will reset the Hard Reset
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controller 1302 and output a low on the Hard Reset signal 836
and Soft Reset signal 1206. The sequence includes the steps
of holding the TCK signal 516 high while inputting a clock
pulse or pulses on the TMS signal 830. This Hard Reset
controller design example requires two clock pulses on the
TMS signal due to the choice of using two serially connected
flip flop pairs 1312 and 1314. With the TCK signal high, the
rising and falling edges of the first TMS clock pulse sets the
output of flip flop pair 1312 low and the rising and falling
edges of the second TMS clock pulse sets the output of flip
flop pair 1314 low, which forces the Hard Reset and Soft
Reset outputs low. The low on the Hard and Soft Reset outputs
will be maintained until the TCK signal goes low, which will
set the outputs of flip flop pairs 1312 and 1314 high and the
Hard and Soft Reset outputs 836 and 1206 high. As indicated
in dotted line, if desired, additional TMS clock signals can
occur after the Hard Reset controller 1302 has received the
two TMS clock pulses required to set the Hard Reset output
836 low.

Timing diagram 1326 of FIG. 13 illustrates a first protocol
sequence on TCK and TMS that will reset the Soft Reset
controller 1304 and output a low on the Soft Reset output
1206. The sequence includes the steps of holding the TCK
signal low and inputting two clock pulses on the TMS signal.
Like the Hard Reset controller 1302 design example above,
the Soft Reset controller 1304 design example uses two seri-
ally connected flip flop pairs 1320 and 1322 for use with two
TMS clock pulses. With TCK low, the rising and falling edges
of the first TMS clock pulse sets the output of flip flop pair
1320 low and the rising and falling edges of the second TMS
clock pulse sets the output of flip flop pair 1322 low, which
forces the Soft Reset output 1206 low. The low on the Soft
Reset output 1206 will be maintained until the TCK signal
goes high, which sets the outputs flip flop pairs 1320 and 1322
high and the Soft Reset output 1206 high. As indicated in
dotted line, if desired, additional TMS clock signals can occur
after the Soft Reset controller 1304 has received the two TMS
clock pulses required to set the Soft Reset output low.

While two TMS clock pulses were used in the Hard and
Soft Reset controller design examples, a lesser or greater
number of TMS clock pulses, and corresponding number flip
flop pairs, may be used as well. Two TMS clock pulses were
used in these examples because it reduces the probability that
noise or signal skew problems might accidentally produce the
hard and soft first protocol sequences on TCK and TMS,
causing the Hard and Soft controllers to inadvertently enter
their reset states. The first protocol sequence of TCK and
TMS shown in the timing diagrams 1326-1328 are TCK and
TMS sequences that are never produced during second and
third protocol operations. The first protocol sequences are
only detectable by the Hard and Soft Reset controllers.

FIG. 14 illustrates the state diagram of the Address and
Instruction Controller 1204. In response to a Soft Reset out-
put 1206 from the Hard and Soft Reset controller 1202 the
Address and Instruction controller 1204 will enter the Home
state 1402. The Home state is maintained while TMS is high.
The controller transitions to the Input Address state 1404
when TMS goes low and remains there while TMS is low.
During the Input Address state, the A-Clock 834 is active to
shift in an address from TDI into the Address circuit 808.
When TMS goes high, the controller 1204 transitions to the
Address match state 1406 to test for a match between the
address shifted in and the local or global address. If the
address does not match the local or global address, the con-
troller will transition into the Idle state 1414 and remain there
until a hard or soft first protocol sequence sets the Soft Reset
output 1206 low, forcing the controller to return to the Home
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state. If the address matches the local or global address, the
controller 1204 transitions into the Input Instruction state
1408 and remains there while TMS is low. In the Input
Instruction state, the I-Clock signal on IC bus 832 will
become active to shift in an instruction from TDI to the
Instruction Circuit 810. When TMS goes high, the controller
will transition to the Update Instruction state 1410 an output
the I-Update signal on IC bus 832 to update and output the
instruction from the Instruction Circuit. When TMS goes low,
the controller transitions to the Enable state 1412. The Enable
output 842 is set high during the Enable state to enable TCKs
to be applied to the selected Tap Domains 510. The controller
will remain in the Enable state independent of logic levels on
TMS. The TMS sequences shown in FIG. 14 that move the
controller through its states define the second protocol. While
the controller 1204 is in the Enable state 1412, the TMS signal
is operable to perform the third protocol operations to access
the Tap Domains 510 without effecting the Enable state 1412
of controller 1204. The controller returns to the Home state
1402 only when the Soft Reset signal 1206 goes low.

FIG. 15A illustrates an example of how the Address and
Instruction controller 1204 of FIG. 12 may be designed. The
controller 1204 consists of; (1) a state machine 1502 having
inputs for TCK 516, TMS 830, Address Match 838, and Soft
Reset 1206, and outputs for indicating when the state machine
is in the input address state 1404, input instruction state 1408,
update instruction state 1410, and Enable state 1412, and (2)
flip flops 1504-1510, and And gates 1512-1516. The state
machine 1502 responds to the TMS and Address Match inputs
on the rising edge of TCK 516 to move though its states. The
flip flops 1512-1516 respond to the falling edge of TCK 516
to gate the A-Clock, I-Clock, I-Update output signals on an
off, and to set the Enable output signal.

In response to a low on the Soft Reset input 1206, the state
machine is forced to the Home state 1402. While the state
machine is in the Input Address state 1404, the A-Clock signal
834 will be gated on to clock an address into the Address
Circuit 808. While the state machine is in the Input Instruction
state 1408, the [-Clock signal 832 will be gated on to clock an
instruction into the Instruction Circuit 810. While the state
machine is in the Update Instruction state 1410, the I-Update
signal 832 will be gated on to update the instruction from the
Instruction Circuit’s output bus 840. While the state machine
is in the Enable state 1412, the Enable output will be set high
to enable Tap Domain access.

FIG. 15B illustrates an example of how the state machine
1502 may be designed. The state machine consists of next
state decode logic 1518, state flip flops A, B, C, and output
state decode logic 1520. The ABC state assignments are
shown in the FIG. 14 state diagram. If the Soft Reset 1206
input is low, the state machine 1502 is reset to the Home state
(ABC=000). If the Soft Reset 1206 input is high, the state
machine responds to the rising edge of TCK to transition
through its states according to the state diagram of FIG. 14.
The output state decode logic 1520 indicates when the state
machine is in the input address state 1404 (ABC=001), the
input instruction state 1408 (ABC=011), the update instruc-
tion state 1410 (ABC=100), and Enable state 1412
(ABC=101).

FIG. 16 illustrates the state diagram of the standard IEEE
1149.1 Tap controller. This state diagram and the design of the
controller that uses it is well known and documented in IEEE
Std 1149.1 and therefore does not require further teaching.
Each Tap Domain 510 in Tap Region 522 will have a Tap
controller that operates according to this standard state dia-
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gram. The TCK and TMS operation of the standard Tap
controller shown in FIG. 16 defines the third protocol of the
present disclosure.

FIG. 17 illustrates a group of target devices 1702-1706 on
a board or other substrate 1700, each target device including
the Addressable Tap Domain Selection Circuit 514 and its
associated 3 pin TCK, TDI/TDO, and TMS/RCK interface, as
well as Tap Domain Region 522. The target devices could be
packaged ICs or unpacked IC die. The 3 pin interface of each
target device is coupled to an external controller 1708 via
cable connector 1710 to provide access for test, debug, emu-
lation, and trace operations. Each target device 1702-1706
may contain embedded core target circuits 1712-1716 which
also are interfaced to the external controller 1708 via the 3 pin
interface. Further, each core 1712-1716 may contain embed-
ded core targets circuits 1718-1722 also interfaced to the
external controller 1708 via the 3 pin interface. As indicated,
the external controller 1708 may be realized by using an
interface card 1724 in a personal computer 1726 to control the
3 pin interface communication with the targets 1702-1706,
1712-1716,1718-1722 via a cable connection 1728. The 3 pin
interface communicates to target circuits using the previously
mentioned first, second, and third protocols.

Each target 1702-1706, 1712-1716, 1718-1722 of F1G. 17
has the previously mentioned local address to allow it to be
individually addressed and instructed by the controller 1708
using the second protocol. Following the individual address-
ing and instructing of a target using the second protocol, the
Tap Domains 510 within the target may be access by the
controller 1708 using the third protocol to perform test,
debug, emulation, and/or trace operations. Additionally, each
target has the previously mentioned global address to allow
all targets to be simultaneously addressed and instructed
using the second protocol. The purpose of the global address-
ing is to allow all target devices to receive a global instruction.
The global instruction may be an instruction that; (1) causes
all targets to enter into a particular mode suitable for a test,
emulation, debug, and/or trace operation, (2) causes all tar-
gets to enter into a mode to perform a global self test opera-
tion, (3) causes all targets to suspend functional operation, or
(4) causes all targets to resume functional operation. Other
types of global instructions may be conceived as well.

FIG. 17A illustrates an alternate configuration of FIG. 17
whereby a group of stacked die targets devices 1732-1736
exist on a board or other substrate 1730. Each die in the stacks
1732-1736 includes the Addressable Tap Domain Selection
Circuit 514 and its associated 3 terminal TCK, TDI/TDO, and
TMS/RCK interface, as well as Tap Domain Region 522. The
TCK, TDI/'TDO, and TCM/RCK terminals of each die in a
stack are commonly connected to the TCK 1738, TMS/RCK
1740, and TDI/TDO 1742 signal interface to the external
controller 1708, via cable connector 1710 to provide access
for test, debug, emulation, and trace operations. Each die in
the stacks may contain embedded core target circuits 1712-
1716 and 1718-1722 as described in FIG. 17. The controller
1708 communicates to the stacked die targets using the pre-
viously mentioned first, second, and third protocols.

Each die in a stack 1732-1736 has the previously men-
tioned local address to allow it to be individually addressed
and instructed by the controller 1708 using the second proto-
col. Following the individual die addressing and instructing,
the Tap Domain 510 within the selected die may be accessed
by the controller 1708 using the third protocol to perform test,
debug, emulation, and/or trace operations. Additionally, each
die in stacks 1732-1736 has the previously mentioned global
address to allow all die in stacks 1732-1736 to be simulta-
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neously addressed and instructed using the second protocol,
for the reasons mentioned in regard to FIG. 17.

FIG. 18 illustrates a group of legacy target devices 1802-
1806, cach including the standard IEEE 1149.1 5 signal inter-
face comprising TRST, TCK, TMS, TDI, and TDO terminals,
but not the Addressable Tap Domain Selection Circuit 514.
The term legacy means that the devices are pre-existing
devices whose design is fixed and cannot be altered. As
shown, each legacy target device may also include the RCK
terminal. The legacy target devices could be ICs 1802-1806
on a board or other substrate 1800, embedded core circuits
1802-1806 within an IC 1800, or embedded core circuits
1802-1806 within a core circuit 1800.

As seen, a separate device 1808 exists between the legacy
target devices 1802-1806 and the external controller 1708.
This separate device 1808 implements the Addressable Tap
Domain Selection Circuit 514 as shown and described in
regard to FIG. 8 and operates according the previously
described first, second, and third protocols. It also includes
the previously described local and global addressing modes.
The local address 1810 is shown, in this example, as being
input to the separate device 1808 on externally accessible
terminals of device 1808, which is one of the previously
mentioned means for supplying the local address. The sepa-
rate device 1808 serves to provide the interface between the 5
signal IEEE 1149.1 terminals, and optional RCK terminal, of
each legacy target device and the 3 pin interface to the exter-
nal controller 1708. The operation of the separate device 1808
in accessing the legacy device Tap Domains is the same as
described in FIG. 8 where the Addressable Tap Domain
Selection Circuit 514 was described accessing the Tap
Domains 510 of Tap Region 522.

The arrangement shown in FIG. 18 could represent the
legacy target devices 1802-1806 and separate device 1808 as
being; (1) ICs/die on a board or substrate 1800, embedded
core circuits within an IC 1800, or (3) embedded core circuits
within a core circuit 1800. FIG. 18 advantageously illustrates
how legacy devices designed using the IEEE 1149.1 inter-
face, and optional RCK, can be interfaced to the 3 pin con-
troller 1708 by providing the Addressable Tap Selection Cir-
cuit 514 as a separate circuit to serve as the interface between
the legacy devices 1802-1806 and external controller 1708.
The separate circuit 1808 could contain only the Addressable
Tap Domain Selection Circuit 514 or it could contain the
Addressable Tap Domain Selection Circuit 514 along with
other circuits. Indeed, the separate circuit 1808 could be a
larger functional IC/die or embeddable core circuit that
includes the Addressable Tap Domain Selection Circuit 514
and its external terminal interfaces as a sub-circuit within the
larger functional circuit.

FIG. 19 illustrates a group 1902 of IEEE 1149.1 legacy
target devices 1802-1806 as described in FIG. 18, and a group
1904 of target devices 1702-1706 as described in FIG. 17.
Each legacy target device 1803-1806 of group 1902 is inter-
faced to the external controller 1708 via the separate device
1808 as described in FIG. 18 whereas each target device
1702-1706 of group 1904 is interfaced to the external con-
troller directly. This example is provided to illustrate how
legacy devices 1802-1806 that are not designed according to
the present disclosure and other devices 1702-1704 that are
designed according to the present disclosure can both be
accessed by an external controller 1708 by using separate
device 1808 as the interface between the legacy devices and
external controller.

FIG. 20 illustrates the TDI/TDO signal wire connection
2002 between the TDI/TDO terminal of an I/O circuit 802 of
a controller 1708 and a TDI/TDO terminal of the I/O circuits
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802 of'the Addressable Tap Domain Selection Circuits 514 of
target circuits 1-N. The controller will have to have the I/O
circuit 802 in order to interface to and communicate with I/O
circuits 802 of the target circuits 1-N via the TDI/TDO signal
wire. Preferably, the output buffer 814 of the controller 1708
and the output buffers 814 of the target circuits will have
approximately the same current sink/source drive strength.
Also preferably the resistors 816 of the controller 1708 and
target circuit I/O circuits 802 will have approximately the
same resistance.

As seen in this example, the output buffer 814 of the con-
troller’s 1/0 circuit 802 is always enabled to output TDO data
to the target circuits, while the output buffers 814 of the target
circuit /O circuits 802 are selectively enabled to and disabled
from outputting TDO data to the controller 1708 by the output
enable 1 (OE1) signal 822 from Tap Linking Circuit 812. As
previously described, the TDI 824 signal of the target I/O
circuit 802 is coupled to the Address Circuit 808, the Instruc-
tion Circuit 810, and the Tap Linking Circuit 812 of Addres-
sable Tap Domain Selection Circuit 514, and the TDO 820
signal of the target I/O circuit 802 is coupled to the Tap
Linking Circuit 812 of Addressable Tap Domain Selection
Circuit 514. The TDI 824 signal of the controller’s I/O circuit
802 is coupled to a circuit within the controller designed to
receive serial data input signals from TDI/TDO signal wire
2002, and the TDO 820 signal of the controller’s I/O circuit
802 is coupled to a circuit within the controller designed to
transmit serial data output signals to TDI/TDI signal wire
2002.

During first protocol operations the TDI/TDO signal wire
is not used and the output buffers of the target circuits are
disabled by the OE1 signals 822.

During second protocol operations when the controller
1708 is inputting address and instruction signals to the target
circuits 1-N, the output buffers 814 of the target circuits 1-N
are disabled by OE1 822, allowing the output buffer 814 of the
controller to be the sole driver of the TDI/TDO signal wire
2002. Thus during second protocols the I/O circuit 802 of
target circuits 1-N operates as an input buffer on the TDI/
TDO signal wire 2002.

During third protocol operations when the controller 1708
is not inputting and outputting data to a selected one or more
Tap Domain in the Shift-DR or Shift-IR states, the output
buffer 814 of the addressed and all other target circuits will be
disabled by the OE1 signal 822. In this mode, the output
buffer 814 of the controller is the sole driver of the TDI/TDO
signal wire 2002.

During third protocol operations when the controller 1708
is inputting and outputting data to a selected one or more Tap
Domain in the Shift-DR or Shift-IR states, the output buffer
814 of'the addressed target circuit will be enabled by the OE1
signal 822. In this mode, both the output buffers 814 of the
controller and addressed target circuit will be driving the
TDI/TDO signal wire 2002. This mode of operation allows
data to flow simultaneously between the controller 1708 and
the addressed target circuit via the TDI/TDO signal wire
during each TCK period.

If, during this simultaneous data flow mode, the output
buffer 814 of the controller 1708 and the output buffer 814 of
the addressed target circuit are both outputting the same logic
level, the voltage on the TDI/TDO signal wire 2002 will
driven to that full logic level. The data input circuits 818 of the
controller 1708 and addressed target circuit will detect that
fulllogic level and input that logic level to the controller 1708
and to the addressed target circuit via their respective TDI
signals 824.
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If, during this simultaneous data flow mode, the output
buffer 814 of the controller 1708 and the output buffer 814 of
the addressed target circuit are outputting opposite logic lev-
els, the TDI/TDO signal wire 2002 will be driven to a mid
point voltage level between the two opposite logic levels. The
data input circuits 818 of the controller 1708 and addressed
target circuit will detect that mid level voltage and, based on
the logic level each was attempting to output, will input a
logic level to the controller 1708 and to the addressed target
circuit on their respective TDI signal 824 that is the opposite
of logic level each was outputting.

When the output buffers 814 of the controller and
addressed target circuit are driving opposite logic levels on
TDI/TDO wire 2002, the resistors 816 serve to limit the
current flow between the two output buffers 814 and to serve
as voltage droppers to allow the mid point voltage level on
TDI/TDO signal wire 2002 to be more easily detected by the
data input circuit 818 as a voltage level that is distinctly
different from the normal full high or low logic level voltages
output from the output buffers 816. The operation of data
input circuit 818 will be described later in regard to FIG. 22.

FIG. 21 illustrates the TMS/RCK signal wire connection
2102 between the TMS/RCK terminal of an I/O circuit 804 of
a controller 1708 and the TMS/RCK terminal of the I/O
circuits 804 of the Addressable Tap Domain Selection Cir-
cuits 514 of target circuits 1-N. When target circuits use Tap
domains with RCKs, the controller will have to have the I/O
circuit 804 in order to interface to and communicate with /O
circuits 804 ofthe target circuits 1-N viathe TMS/RCK signal
wire. As with the TDI/TDO I/O circuits 802 above, the output
buffers 814 ofthe controller and target circuits will preferably
have approximately the same current sink/source drive
strength and the resistors 816 will have approximately the
same resistance.

As seen in this example, the output buffer 814 of the con-
troller is always enabled to output TMS signals to the target
circuits, while the output buffers 814 of the target circuits are
selectively enabled to and disabled from outputting RCK
signals 826 to controller 1708 by the output enable 2 (OE2)
signal 828. As previously described, the TMS 830 signal of
the target I/O circuit 804 is coupled to the Tap Linking Circuit
812 and to the Reset, Address, & Instruction Controllers 806,
and the RCK 826 signal of the target I/O circuit 804 is coupled
to the Tap Linking Circuit 812 of Addressable Tap Domain
Selection Circuit 514. The RCK 826 signal of the controller’s
1/O circuit 804 is coupled to a circuit within the controller
designed to receive RCK input signals from the TMS/RCK
signal wire 2102, and the TMS 830 signal of the controller’s
1/O circuit 804 is coupled to a circuit within the controller
designed to transmit TMS output signals to the TMS/RCK
signal wire 2102.

During first protocol operations when the controller 1708
is inputting soft or hard reset sequences to Hard and Soft
Controller 1202, the TMS/RCK signal wire will be driven by
the output buffer 814 of controller 1708 and may or may not
be driven by the output buffer 814 ofa target circuit 1-N. If the
first protocol is performed following a power up or function
reset of target circuits 1-N, the output buffers 814 of the target
circuits will not be enabled by OE2 and therefore only output
buffer 814 of controller 1708 drives the TMS/RCK signal
wire 2102. Also, if a first protocol is performed following a
second or third protocol where the OE2 signal is set low by
instruction control signal 846, only the output buffer 814 of
controller 1708 will be driving the TMS/RCK signal wire
2102. However, if a first protocol is performed following a
second or third protocol where the OE2 signal is set high by
an instruction, via instruction control signal 846, both the
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output buffer 814 of controller 1708 and the output buffer of
the address target circuit will be driving the TMS/RCK signal
wire 2102.

Following the input of a soft reset first protocol sequence,
the OE2 will be forced low by the Soft Reset signal 1206 from
the Hard and Soft Reset Controller 1202 going low. As pre-
viously mentioned, the Soft Reset signal 1206, when low,
forces the Address and Instruction controller 1204 into the
Home state 1402. In the Home state 1402, the Enable signal
output 842 of the Address and Instruction controller 1204 is
low, which forces the OE2 signal 828 low via And gate 848.
Thus if the output buffer 814 of a target circuit was enabled
prior to the input of a soft reset first protocol sequence, it will
be disabled at the end of the soft reset protocol sequence.

Following the input of a hard reset first protocol sequence,
the OE2 will be forced low by the Hard Reset signal 836 from
the Hard and Soft Reset Controller 1202 going low. When
Hard Reset signal 836 goes low, the instruction circuit 810 is
reset to an instruction that sets the instruction control output
signal 846 low which forces the OE2 output 828 of And gate
848 low. Also the Hard Reset signal going low will set the Soft
Reset signal 1206 low, via And gate 1324 of FIG. 13, which
sets the Enable signal 842 low and the OE2 output of And gate
848 low. Thus if the output buffer 814 of a target circuit was
enabled prior to the input of a hard reset first protocol
sequence, it will be disabled at the end of the soft reset
protocol sequence.

During second protocol operations when the controller
1708 is inputting address and instruction signals to the target
circuits 1-N, the output buffers 814 of the target circuits 1-N
are disabled by OE2 828 being low, allowing the output buffer
814 of the controller to be the sole driver of the TMS/RCK
signal wire 2102. Thus during second protocols the 1/O cir-
cuits 804 of target circuits 1-N operate as an input buffers on
the TMS/RCK signal wire 2102.

During third protocol operations when the controller 1708
is communicating to a selected one of more Tap Domains of
target circuits that do not use RCKs, the output buffer 814 of
the addressed and all other target circuits will be disabled by
the OE2 signal 828 being low. In this mode, the output buffer
814 of the controller is the sole driver of the TMS/RCK signal
wire 2102.

During third protocol operations when the controller 1708
is communicating to a selected one of more Tap Domains of
target circuits that use RCKs, the output buffer 814 of the
addressed target circuit will be enabled by its OE2 signal 828
being high and the output bufter 814 of all other target circuits
will be disabled by their OE2 signals 828 being low. In this
mode, the output bufter 814 of the controller and the output
buffer 814 of the addressed target circuit will both be driving
the TMS/RCK signal wire 2102. In this mode of operation, a
TMS signal can flow from the controller 1708 to the
addressed target circuit and an RCK signal can flow from the
addressed target circuit to the controller 1708 simultaneously
via TMS/RCK signal wire 2102 during each TCK period.

If, during this simultaneous TMS and RCK signal flow
mode, the output buffer 814 of the controller 1708 and the
output buffer 814 of the addressed target circuit are both
outputting the same logic level, the voltage on the TMS/RCK
signal wire 2102 will driven to that full logic level. The data
input circuits 818 of the controller 1708 and addressed target
circuit will detect that full logic level and input that logic level
to the controller 1708 via its RCK 826 and to the addressed
target circuit via its TMS signal 830. If, during this simulta-
neous data flow mode, the output buffer 814 of the controller
1708 and the output buffer 814 of the addressed target circuit
are outputting opposite logic levels, the TMS/RCK signal
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wire 2102 will be driven to a mid point voltage level between
the two opposite logic levels. The data input circuits 818 of
the controller 1708 and addressed target circuit will detect
that mid level voltage and, based on the logic level each was
attempting to output, will input a logic level to the controller
1708 on its RCK 826 and to the addressed target circuit on its
TMS 830 that is the opposite of logic level each was output-
ting.

When the output buffers 814 of the controller and
addressed target circuit are driving opposite logic levels on
TMS/RCK wire 2102, the resistors 816 serve to limit the
current flow between the two output buffers 814 and to serve
as voltage droppers to allow the mid point voltage level on
TMS/RCK signal wire 2102 to be more easily detected by the
data input circuit 818 as a voltage level that is distinctly
different from the normal full high or low logic level voltages
output from the output buffers 814.

FIG. 22 illustrates one example of how to design the data
input circuit 818 of the I/O circuit 802 and 804. The data input
circuit 818 includes a voltage comparator circuit 2202, a
multiplexers 2204, an inverter 2206, and a buffer 2208. The
voltage comparator circuit 2202 inputs voltages from its wire
input 2210 and outputs digital control signals SO and S1 to
multiplexer 2204. The wire input 2210 for I/O circuit 802 is
coupled to the TDI/TDO signal wire 2002 of FIG. 20 via
TDI/TDO terminals of the controller 1708 and target circuits
1-N. The wire input 2210 for /O circuit 804 is coupled to the
TMS/RCK signal wire 2102 of FIG. 21 via TMS/RCK ter-
minals of controller 1708 and target circuits 1-N.

As seen, the first voltage (V) to ground (G) leg 2218 of
voltage comparator circuit 2202 comprises a series P-channel
transistor and current source and the second voltage to ground
leg 2220 comprises a series N-channel transistor and current
source. As seen, S1 is connected at a point between the
P-channel transistor and current source of the first leg 2218
and SO is connected at a point between the N-channel tran-
sistor and current source of the second leg 2220. The gates of
the transistors are connected to wire input 2210 to allow
voltages on the wire signal 2210 to turn the transistors on and
off.

The operation of the voltage comparator circuit 2202 and
multiplexer 2204 is shown in table 2222 and described herein.
Ifthe voltage on wire input 2210 is at a low level (logic zero),
the SO and S1 outputs are set high, which causes the multi-
plexer 2204 to select its low input 2224 and output the low
input to In signal 2212 via buffer 2208. If the voltage on wire
input 2210 is at a mid level (mid point voltage), the SO is set
low and the S1 is set high, which causes the multiplexer 2204
to select its Out™® input 2226 (inverted Out signal 2214) and
output the Out* input to In 2212 via and buffer 2208. If the
voltage on wire connection 2210 is high (logic one), the SO
and S1 outputs are set low, which causes the multiplexer 2204
to select its high input 2228 and output the high input to In
2212 via and buffer 2208.

For 1/O circuits 802, the In signal 2212 is connected to the
TDI signal 824 of the controller 1708 and Addressable Tap
Domain Selection Circuits 514 of target circuits 1-N of FIG.
20, and the Out signal 2214 is connected to the TDO signal
820 of the controller 1708 and Addressable Tap Domain
Selection Circuits 514 of target circuits 1-N of FIG. 20.

For 1/O circuits 804, the In signal 2212 is connected to the
RCK signal 826 of the controller 1708 and to the TMS signal
830 of'the Addressable Tap Domain Selection Circuits 514 of
target circuits 1-N of FIG. 21. The Out signal 2214 is con-
nected to the TMS signal 830 of the controller 1708 and to the
RCK signal 826 of the Addressable Tap Domain Selection
Circuits 514 of target circuits 1-N of FIG. 21.
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FIG. 23 A illustrates the case where the output buffers 814
of'the controller 1708 and an addressed target circuit are both
outputting logic lows on TDI/TDO 2002 or TMS/RCK 2102
signal wires. In this case the signal wire 2002/2102 is low and
the wire input 2210 to the data input circuits 818 is low. This
causes the data input circuit 818 of the controller 1708 to
input a low to the controller on In signal 2212 and the data
input circuit 818 of the addressed target circuit to input a low
to the target circuit on In signal 2212.

FIG. 23B illustrates the case where the output buffer 814 of
the controller 1708 is outputting a low on signal wire 2002/
2102 and the output buffer 814 of an addressed target circuit
is outputting a high on signal wire 2002/2102. In this case a
current path exists from the high voltage output (V) from the
target circuit to the low voltage output (G) from the controller.
The resistors 816 limit the current flow and the voltage drops
across them produce a distinctly detectable mid point voltage
level on the signal wire 2002/2102. The mid point voltage
level on the signal wire 2002/2102 is input to the data input
circuits 818 of the controller and target circuit via wire inputs
2210.

Since the data input circuit 818 of the controller 1708
knows the controller was outputting alogic low, it responds to
the mid point voltage by inputting a logic high to the control-
ler on In signal 2212, which is the only logic level that can be
output from the target circuit to cause the mid point voltage on
signal wire 2002/2102. Also since the data input circuit 818 of
the target circuit knows the target circuit was outputting a
logic high, it responds to the mid point voltage by inputting a
logic low to the target circuit on In signal 2212, which is the
only logic level that can be output from the controller to cause
the mid point voltage on signal wire 2002/2102.

FIG. 23C illustrates the case where the output buffer 814 of
the controller 1708 is outputting a high on signal wire 2002/
2102 and the output buffer 814 of an addressed target circuit
is outputting a low on signal wire 2002/2102. In this case a
current path exists from the high voltage output (V) from the
controller to the low voltage output (G) from the addressed
target circuit. Again the resistors 816 limit the current flow
and the voltage drops across them produce a distinctly detect-
able mid point voltage level on the signal wire 2002/2102.
The mid point voltage level on the signal wire 2002/2102 is
input to the data input circuits 818 of the controller and target
circuit via wire inputs 2210.

Since the data input circuit 818 of the controller 1708
knows the controller was outputting a logic high, it responds
to the mid point voltage by inputting a logic low to the
controller on In signal 2212, which is the only logic level that
can be output from the target circuit to cause the mid point
voltage on signal wire 2002/2102. Also since the data input
circuit 818 of the target circuit knows the target circuit was
outputting a logic low, it responds to the mid point voltage by
inputting a logic high to the target circuit on In signal 2212,
which is the only logic level that can be output from the
controller to cause the mid point voltage on signal wire 2002/
2102.

FIG. 23D illustrates the case where the output buffers 8§14
of'the controller 1708 and an addressed target circuit are both
outputting logic high on signal wire 2002/2102. In this case
the signal wire 2002/2102 is high and the wire input 2210 to
the data input circuits 818 is high. This causes the data input
circuit 818 of the controller 1708 to input a high to the con-
troller on In signal 2212 and the data input circuit 818 of the
addressed target circuit to input a high to the target circuit on
In signal 2212.

FIG. 24 illustrates timing waveforms 2402 for the four
cases (A, B, C, D) in which simultaneous data communica-
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tion occurs between the I/O circuit 802/804 of controller 1708
and the I/O circuit 802/804 of an Addressable Tap Domain
Selection Circuit 514 of an addressed target circuit via a
TDI/TDO or TMS/RCK signal wire 2002/2102. In this
example, the output enable 1 or 2 (OE1/OE2) signal 822/828
of the target circuit is set to enable output buffer 814. Each
case A-D is indicated in the timing diagram by vertical dotted
line boxes.

Case A shows the controller and the target circuit output-
ting lows from their buffers 814. In response, the wire 2002/
2102 is low and both the controller and target circuit input
lows via the In signal 2212 from their data input circuits 818.

Case B shows the controller outputting a low from its
buffer 814 and the target circuit outputting a high from its
buffer 814. In response, the wire 2002/2102 is at a mid voltage
level causing the controller to input a high from the In signal
2212 of its data input circuit 818, while the target circuit
inputs a low from the In signal 2212 of its data input circuit
818.

Case C shows the controller outputting a high from its
buffer 814 and the target circuit outputting a low from its
buffer 814. In response, the wire 2002/2102 is at a mid voltage
level causing the controller to input a low from the In signal
2212 of its data input circuit 818, while the target circuit
inputs a high from the In signal 2212 of its data input circuit
818.

Case D shows the controller and the target circuit output-
ting high from their buffers 814. In response, the wire 2002/
2102 is high and both the controller and target circuit input
highs via the In signal 2212 from their data input circuits 818.

FIG. 25 illustrates a timing diagram of the operation of the
present disclosure performing a first protocol Soft Reset
Sequence 1328 followed by a second protocol showing entry
into the Home state 1402 followed by entry into the Input
Address state 1404.

FIG. 26 illustrates a timing diagram of the operation of the
present disclosure performing a first protocol Soft Reset
Sequence 1328 followed by a second protocol that immedi-
ately enters the Input Address state 1404.

FIG. 27 illustrates a timing diagram of the operation of the
present disclosure performing a first protocol Hard Reset
Sequence 1326 followed by a second protocol showing entry
into the Home state 1402 followed by entry into the Input
Address state 1404.

FIG. 26 illustrates a timing diagram of the operation of the
present disclosure performing a first protocol Hard Reset
Sequence 1326 followed by a second protocol that immedi-
ately enters the Input Address state 1404.

FIG. 29 illustrates a timing diagram of the operation of the
present disclosure performing a full second protocol
sequence 2902 of inputting an address 1404, matching the
address 1406, inputting an instruction 1408, updating the
instruction 1410, and entering the enable state 1412, followed
by performing a third protocol sequence 2904 to access the
Tap domain(s) 510 selected by the instruction using the stan-
dard IEEE 1149.1 TMS protocol, followed by performing a
first protocol sequence 2906 to input either a Soft Reset
sequence 1328 or a Hard reset sequence 1326 to terminate the
operation.

As seen, the second protocol 2902 uses the TCK 516, TMS
830, and TDI 824 signals, but not the TDO 820 signal. The
third protocol 2904 uses the TCK 516, TMS 830, TDI 824,
and TDO 820 signals according to the Tap protocol defined in
standard IEEE 1149.1. The first protocols 2906 (1328 and
1326) use only the TCK 516 and TMS 830 signals. The timing
diagram of FIG. 29 illustrates in detail the present disclosure
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performing the previously described protocols A-D 712-718
sequences discussed early in regard to FIG. 7B.

FIG. 30 illustrates a timing diagram of the operation of the
present disclosure performing a full second protocol
sequence 2902 of inputting an address 1404, matching the
address 1406, inputting an instruction 1408, updating the
instruction 1410, and entering the enable state 1412, followed
by performing a first protocol sequence 2906 to input either a
Soft Reset sequence 1328 or a Hard reset sequence 1326 to
terminate the operation.

As seen, the second protocol 2902 uses the TCK 516, TMS
830, and TDI 824 signals, but not the TDO 820 signal. The
first protocols 2906 (1328 and 1326) use only the TCK 516
and TMS 830 signals. The timing diagram of FIG. 30 illus-
trates in detail the present disclosure performing the previ-
ously described protocols E-H 720-726 sequences discussed
early in regard to FIG. 7B.

While the description of the disclosure to this point has
shown that the disclosure includes an Addressable Tap
Domain Selection Circuit 514 capable of selecting one or
more of a plurality of Tap Domains 510 within a Tap Region
522 (FIGS. 6 and 8) using a reduced number of interface
signals, itis possible to simplify the disclosure when access to
only one JTAG circuit Tap Domain is required. A reduction of
interface signals is achieved in the simplified version of the
disclosure.

FIG. 31 illustrates a connected controller 3102 accessing
the conventional JTAG circuit 104 of F1G. 1 using the 5 IEEE
1149.1 standard signals TDI, TDO, TMS, TCK, and TRST.
The JTAG circuit 104 could be used in an IC or core for
controlling test, debug, emulation, trace, boundary scan, or
other operations of the IC or core.

FIG. 32 illustrates /O circuits 802 of the present disclosure
being used to reduce the signal interface between the con-
nected controller 3102 and JTAG circuit 104 from 5 to 4
signals. One 1/O circuit 802 is connected to the controller’s
TDO output via Out signal 2214, to the controllers TDI input
via In signal 2212, and to the TDI/TDO signal wire 3202 via
Wire signal 2210. The other I/O circuit 802 is connected to the
JTAG circuit’s TDO output via Out signal 2214, to the JTAG
circuit’s TDI input via In signal 2212, and to the TDI/TDO
signal wire 3202 via Wire signal 2210.

As seen in FIG. 32, the I/O circuit 802 associated with the
controller can exist as a separate circuit from the controller
3102 or the /O circuit 802 may be integrated with the con-
troller 3102 to form a new controller 3204. Preferably, but not
necessarily, the output buffer 814 of the I/O buffer associated
with the controller 3102 will be enabled all the time by setting
its output enable signal 822 high, which allows the TDI/TDO
wire 3202 to a always be driven to a valid signal level.

Also as seen in FIG. 32, the I/O circuit 802 associated with
the JTAG circuit 104 can exist as a separate circuit from the
JTAG circuit 104 or the I/O circuit 802 may be integrated with
the JTAG circuit 104 to form a new JTAG circuit 3206. If the
1/O circuit 802 associated with the JTAG circuit is a separate
circuit, its output buffer 814 will be enabled, via output enable
signal 822, all the time since their is no signal available from
the JTAG circuit 104 to act as an enable or disable signal to the
output buffer 814. If the I/O circuit 802 associated with the
JTAG circuit 104 is integrated with the JTAG circuit 104 to
form new JTAG circuit 3206, the output enable 822 of the [/O
circuit 802 will be connected to the JTAG’s Enable signal 126
so that the output buffer 814 can be enabled during TDI and
TDO shift operations and disabled during non shift opera-
tions.

The Enable signal 126 is a standard signal output from Tap
controller 120 during data and instruction shift operations.
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The Enable signal 126 controls the enable and disable state of
the JTAG circuit’s TDO tristate output buffer 128. If the I/O
circuit 802 is integrated with JTAG circuit 104 to form new
JTAG circuit 3206 it is preferred that the TDO tristate buffer
128 be removed, as indicated by crossed dashed lines, so that
the TDO signal path formed between flip flop 124 and Out
signal 2214 of 1/O circuit 802 does not enter into a tristate
(floating) state when shift operations are not being performed.

FIG. 33 illustrates a connected controller 3302 accessing
the JTAG circuit 302 of FIG. 3 using the 5 IEEE 1149.1
standard signals TDI, TDO, TMS, TCK, and TRST plus the
non-standard RCK signal. The JTAG circuit 302 could be
used in an IC or core for controlling test, debug, emulation,
trace, boundary scan, or other operations of the IC or core.

FIG. 34 illustrates 1/O circuits 802 and 804 of the present
disclosure being used to reduce the signal interface between
the connected controller 3302 and JTAG circuit 302 from 6 to
4 signals. The connection and operation of I/O circuits 802
associated with controller 3302 and JTAG circuit 302 are the
same as described previously in FIG. 32 in the following
separate and integrated implementation descriptions of /O
circuit 804. One /O circuit 804 is connected to the control-
ler’s TMS output via Out signal 2214, to the controllers RCK
input via In signal 2212, and to the TMS/RCK signal wire
3402 via Wire signal 2210. The other 1/O circuit 804 is con-
nected to the JTAG circuit’s RCK output via Out signal 2214,
to the JTAG circuit’s TMS input via In signal 2212, and to the
TMS/RCK signal wire 3402 via Wire signal 2210.

As seen in FIG. 34, the I/O circuit 804 associated with the
controller can exist as a separate circuit from the controller
3302 or the /O circuit 804 may be integrated with the con-
troller 3302 to form a new controller 3404. Preferably, but not
necessarily, the output buffer 814 of the /O buffer associated
with the controller 3302 will be enabled all the time by setting
its output enable signal 822 high, which allows the TMS/RCK
wire 3402 to a always be driven to a valid signal level.

Also as seen in FIG. 34, the I/O circuit 804 associated with
the JTAG circuit 302 can exist as a separate circuit from the
JTAG circuit 302 or the I/O circuit 804 may be integrated with
the JTAG circuit 302 to form a new JTAG circuit 3406.
Regardless of whether 1/O circuit 804 is a separate circuit or
integrated with JTAG circuit 302, its output buffer 814 will be
enabled, by setting its output enable signal 822 high, all the
time since the RCK signal of ITAG circuit 302 must always be
output to the controller 3302 during test, debug, emulation,
trace, and/or other operations.

From the above examples shown in FIG. 31-34, it is clear
that the 1/O circuits 802-804 of the present disclosure can be
used to provide a method of reducing the interface signals
between a controller 3102, 3204, 3302, and 3404 and a ITAG
circuit 104, 3206, 302, and 3406. While the access approach
described in FIGS. 31-34 is a point-to-point access between a
controller and a connected JTAG circuit, i.e. it does not pro-
vide the multiple JTAG circuit Tap Domain selecting features
as described earlier in the present disclosure, it does offer a
reduced signal interfacing approach which is simple and can
be realized with a minimum of additional circuitry.

FIG. 35 illustrates an IC or core 3504 containing the emu-
lation, trace, and/or debug circuit 106 of FIG. 1 coupled
internally to a functional circuit 102 of the IC or core via bus
112 and externally to an emulation, trace, and/or debug inter-
face 3506 of a controller 3502 via bus 110. The bus 110
consists of input and output connections for allowing signals
to flow between circuit 3506 and 106 during an emulation,
trace, and/or debug operation. In this example, 8 connections
are used on bus 110.
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The signals could be control signals, data signals, trigger-
ing signals, protocol signals used in message communica-
tions, and/or other signals used during an I/O operation of an
emulation, trace, and/or debug operation. To increase the
bandwidth of signal flow between the IC/core 3504 and con-
troller 3502 it is advantageous to have as many input and
output signals on bus 110 as possible. However, only so many
IC terminals may be used on bus 110, since the IC’s func-
tional input and output terminals 103 take priority and there-
fore will consume most of the available IC input and output
terminals.

FIG. 36 illustrates how the controller 3502 and IC/core
3504 of FIG. 35 can be adapted with I/O circuits 802 of the
present disclosure to reduce the number of signal connections
between the controller and IC/core by one half without reduc-
ing the signaling bandwidth.

As seen in FIG. 36, controller circuit 3602 differs from
controller circuit 3502 of FIG. 35 in that the input and output
signals of bus 110 to emulation, trace, and debug circuit 3506
are interfaced to 1/O circuits 802, via the I/O circuit’s input
2214 and output 2212. If desired, circuit 3506 may optionally
be modified, as seen in dotted line, to allow inputting control
to the 802 I/O circuit’s output enable signal 822, otherwise
the output enable 822 input of /O circuit 802 will be fixed to
always enable the output buffer 814 of /O circuit 802.

Similarly, the IC/core circuit 3604 differs from IC/core
circuit 3504 in that the input and output signals of bus 110 to
emulation, trace, and debug circuit 106 are interfaced to I/O
circuits 802, via the I/O circuit’s input 2214 and output 2212.
If desired, circuit 106 may optionally be modified, as seen in
dotted line, to allow inputting control to the 802 1/O circuit’s
output enable signal 822, otherwise the output enable 822
input of I/O circuit 802 will be fixed to always enable the
output buffer 814 of I/O circuit 802.

As seen in FIG. 36, the number of bus 3606 connections,
via wire terminals 2210 of the I/O circuits 802 of circuits 3602
and 3604, is reduced by one half of that shown in bus 110 of
FIG. 35. Thus, the present disclosure provides a way of reduc-
ing the number of required emulation, debug, and/or trace
signal connections between circuits 3602 and circuits 3604 of
FIG. 36 on bus 3606 by one half that used in the prior art of
FIG. 35.

The following FIGS. 37-40 are provided to illustrate how
the 1/O circuits 802 (or 804) can be used to reduce the func-
tional signal connections between functional circuits of an IC
or core circuit.

FIG. 37 illustrates ICs or cores 3702 and 3704 each con-
taining the functional circuit 102 of FIG. 1. At least some of
the functional circuits 102 inputs and outputs are coupled to
each other via functional bus 103 of FIG. 1. The bus 103
consists of input and output connections for allowing signals
to flow between functional circuits 102 during functional
operation. In this example, 8 connections are used on bus 103.
The signals could be data bus signals, address bus signals, or
control bus signals used during functional communicating
between functional circuits 102.

FIG. 38 illustrates how the functional circuits 102 of ICs or
cores 3702 and 3704 can be adapted with I/O circuits 802 of
the present disclosure to reduce the number of signal connec-
tions on functional bus 103 between the functional circuits
102. As seen, the functional bus 3806 between the adapted
ICs or cores 3802 and 3804 require only one half the connec-
tions required by functional bus 103 of FIG. 37. Also func-
tional bus 3806 maintains the signaling bandwidth of func-
tional bus 103 of FIG. 37.

Asseenin FIG. 38, IC or core circuits 3802 and 3804 differ
from IC or core circuits 3702 and 3704 of FIG. 37 in that the



US 9,170,300 B2

25

input and output signals of bus 103 to functional circuits 102
are interfaced to 1/O circuits 802, via the 1/O circuit’s input
2214 and output 2212. Also as seen, functional circuits 102 in
IC or core circuits 3802 and 3804 may optionally be modified,
as seen in dotted line, to allow inputting control to the 802 /O
circuit’s output enable signal 822, otherwise the output
enable 822 input of /O circuit 802 will be fixed to always
enable the output buffer 814 of I/O circuit 802.

As seen in FIG. 38, the number of bus 3806 connections,
via wire terminals 2210 of the I/O circuits 802 of circuits 3802
and 3804, is reduced by one half of that shown in bus 103 of
FIG. 37. Thus, the present disclosure provides a way of reduc-
ing the number of required functional signal connections
between IC or core circuits 3802 and 3804 of FIG. 38 on bus
3806 by one half that used in the prior art functional bus 103
of FIG. 37.

FIG. 39 illustrates conventional ICs 3902, 3908, 3912 on a
board/substrate or core circuits 3902, 3908, 3912 within an IC
being connected functionally together via functional bus 103
and select and control bus 3906. IC/core 3902 contains a
master functional circuit 3904, such as a processor or DSP,
that controls communication to slave functional circuits 3910
and 3914, such as memories or other types of input and output
circuits, in IC/cores 3908 and 3912 via buses 103 and 3906. In
this example, the select and control bus 3906 from the master
functional circuit functions as a bus that selects a functional
slave circuit 3910 or 3914 then inputs control to cause the
selected slave circuit to input data from the master circuit or
to output data to the master circuit via bus 103. The functional
bus 103 in this example is 8 signals wide.

FIG. 40 illustrates how the functional circuits 3904, 3910,
3914 can be adapted with [/O circuits 802 of the present
disclosure to reduce the number of signal connections on
functional bus 103 between the functional circuits. As seen,
the functional bus 4008 between the adapted ICs or cores
4002, 4004, 4006 require only one half the connections
required by functional bus 103 of FIG. 39. Also functional bus
4008 maintains the signaling bandwidth of functional bus 103
of FIG. 39.

As seen in FIG. 40, IC or core circuits 4002-4006 differ
from IC or core circuits 3902, 3908, and 3912 of FIG. 39 in
that the input and output signals of bus 103 to functional
circuits 3904, 3910, 3914 are interfaced to I/O circuits 802,
via the I/O circuit’s input 2214 and output 2212. Also as seen,
the master functional circuit 3904 of IC/core circuit 4002 may
optionally be modified, as seen in dotted line, to allow input-
ting control to the 802 I/O circuit’s output enable signal 822,
otherwise the output enable 822 input of /O circuit 802 will
be fixed to always enable the output buffer 814 of 1/O circuit
802. Providing the ability to disable the output buffer 814 of
1/O circuits 802 connected to master functional circuit 2904
in IC/core circuit 4002 allows for the output buffers 814 of a
selected slave functional circuit’s /O circuits 802, say slave
circuit 3910, to be enabled to drive the bus 4008 to commu-
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nicate data to another one or more of the slave functional
circuits, say slave circuit 3914.

As seen in FIG. 40, the number of bus 4008 connections,
via wire terminals 2210 of the I/O circuits 802 of circuits
4002, 4004, 4008, is reduced by one half of that shown in bus
103 of F1G. 39. Thus, the present disclosure provides a way of
reducing the number of required functional signal connec-
tions between IC or core circuits 4004-4006 of F1IG. 40 on bus
4008 by one half that used in the prior art functional bus 103
of FIG. 39.

Although the present disclosure has been described in
detail, it should be understood that various changes, substi-
tutions and alterations may be made without departing from
the spirit and scope of the disclosure as defined by the
appended claims.

What is claimed is:

1. An integrated circuit comprising:

A. an integrated circuit test data in and test data out lead;

B. an integrated circuit test clock lead;

C. afirst set of domain leads that include a first test data out
lead, a first test data in lead, a first test clock lead, and a
first test mode select lead;

D. a second set of domain leads that include a second test
data out lead, a second test data in lead, a second test
clock lead, and a second test mode select lead;

E. I/O circuitry including:

i. an input buffer having an input connected to the inte-
grated circuit test data in and test data out lead, and a
data in output; and

ii. an output buffer having a data out input, an output
connected to the integrated circuit test data in and test
data out lead, and a control input;

F. instruction circuitry having a data input connected to the
data in output of the input buffer and having control
outputs; and

G. linking circuitry having a linking data input connected
to the data in output of the input buffer, a linking data
output connected to the data out input of the output
buffer, and inputs connected to the control outputs of the
instruction circuitry, the linking circuitry including mul-
tiplexer circuitry selectively coupling the linking data
input with the first test data out lead or the second test
data out lead, and selectively coupling the linking data
output with the first test data in lead or the second test
data in lead.

2. The integrated circuit of claim 1 in which the I/O cir-
cuitry includes a test mode select output, the linking circuitry
includes a test mode select input connected to the test mode
select output of the I/O circuitry, and the multiplexer circuitry
selectively coupling the test mode select input with the first
test mode select lead or the second test mode select lead.

3. The integrated circuit of claim 1 including gating cir-
cuitry coupling the integrated circuit test clock lead with the
first test clock lead and with the second test clock lead.
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